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Abstract
This perspective aims to highlight aspects of the Early Hearing Detection and Intervention (EHDI) newborn hearing
screening and follow-up processes that were impacted by the COVID-19 pandemic and considers factors that likely
impacted follow-up after failing newborn hearing screening among infants born in the United States during 2020. Efforts to
minimize the potential impact of missed or delayed identification of hearing loss in infants and young children will also be
discussed to help guide future program improvement activities.
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The Early Hearing Detection and Intervention (EHDI) Act
(S. 652, PL 115-71) authorizes the Health Resources
and Services Administration (HRSA) and the Centers for
Disease Control and Prevention (CDC) to support EHDI
activities at state and territorial levels to help ensure
infants receive recommended services according to
established national benchmarks (i.e., hearing screening
before one month of age, diagnosis before three months

of age, and enrollment in early intervention before six
months of age (JCIH, 2019). Late identification of a
child as deaf or hard of hearing (DHH) can adversely
affect their ability to develop communication, language,
cognitive, and social skills (Morton & Nance, 2006;
Vohr, 2003). In March 2020, the United States declared
a national emergency in response to the COVID-19
pandemic (Executive Office of the President, 2020).
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Jurisdictional EHDI programs faced new challenges
in helping families navigate the process of screening,
diagnosis, and entry into intervention programs.
Nationwide, performance in meeting EHDI benchmarks in
2020 declined compared to previous years, as indicated
by the results from the CDC annual Hearing Screening
and Follow-up Survey (HSFS; CDC, n.d.).
This perspective aims to highlight aspects of the EHDI
system that were likely impacted by the COVID-19
pandemic and identify factors that likely impacted followup after failing newborn hearing screening for infants
born in the United States during 2020. Efforts made by
EHDI programs and federal partners to help mitigate the
potential impact of missed or delayed identification of
hearing loss will also be addressed.
EHDI Services During COVID-19
The percent of infants born in 2020 meeting the
benchmark of being screened before one month of age
remained high at 95% compared to the two previous
years (range: 94%–96%; Figure 1). The high screening
rate during the pandemic suggests that the in-hospital
newborn screening remained a standard of newborn care.
Among infants screened, the percent of infants who did
not pass their most recent hearing screen increased from
1.6% for the 2018 birth cohort to 2.0% for the 2020 birth
cohort (Table 1). An increase of 0.4% in the final refer rate
translates into approximately 12,000 additional infants
in need of a diagnostic evaluation by an audiologist.
There was also an increase in the number of infants not
receiving a hearing screen due to medical reasons in the
2020 birth cohort (approximately 3,300 in 2018 and 2019
to 4,500 in 2020; CDC, n.d.). This 36% increase likely
reflects updated HSFS guidance that newborns who did

not receive a newborn hearing screening because the
mother or child had COVID-19 should be reported as “not
screened due to medical reasons.”
Among infants needing a diagnostic evaluation,
a noticeable decrease in the percent meeting the
benchmark of diagnosis before three months of age was
documented. A little over one third (36.4%) of infants
born in 2020, who failed their final hearing screen
completed a diagnostic evaluation before three months
of age. Whereas nearly half (2018: 49.5% and 2019:
49.1%) met this benchmark the previous years (Figure
1). Although there was no notable change in the average
percent of families declining audiological diagnostic
services, nationally the rate of lost to follow-up/lost to
documentation (LFU/LTD) for diagnosis increased from
25.9% among 2018 births to 29.9% among 2020 births
(Figure 2). The higher LFU/LTD rate, coupled with an
increased number of referrals, means that more babies
born during the first year of the pandemic who failed their
newborn hearing screen were lost to the EHDI system and
likely did not receive timely follow-up services.
Decreases in enrollment into intervention were also noted
among 2020 births. Enrollment into intervention for infants
with diagnosed hearing loss before the benchmark of 6
months of age declined from 46.7% among 2018 births
to 44.5% among 2020 births (Figure 1). Refusal rates of
intervention slightly increased from 9.2% (2018 and 2019)
to 9.7% (2020; Table 1). Additionally, the LFU/LTD rate of
intervention among infants with permanent hearing loss
increased from 17.7% (2018) to 19.5% (2020; Figure 2).
The nearly 2.0 percentage point difference represents 116
infants with permanent hearing loss not receiving, or not
documented to be enrolled in, intervention services.

Figure 1
National Average of Early Hearing Detection and Intervention (EHDI) Benchmarks: 2018–2020

Note. Percent Screened Before 1 Month of Age = # Total screened before 1 month of age / # Total Births *100%;
Diagnosed Before 3 Months of Age = # Total Diagnosed Before 3 Months of Age / # Total Not Pass *100%; Percent
Intervention before 6 Months = # Total Enrolled in Intervention before 6 Months of Age (Part C and Non Part C) / # Total
diagnosed with Permanent hearing Loss*100%.
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Table 1
National Early Hearing Detection and Intervention (EHDI) Summary Data 2018–2020
2018*

2019**

2020***

Total Births

3,744,815

3,604,761

3,576,050

Total Screened

3,681,776

3,545,388

3,510,821

Total/Percenta Not Pass Final Screen

60,258 (1.6%)

61,475 (1.7%)

69,989 (2.0%)

Total/Percentb Refused Diagnostic Service

1,878 (3.1%)

1,721 (2.8%)

2,138 (3.1%)

6,432

5,934

6,290

Total Permanent Hearing Loss
Total/Percentc Refused Intervention Service

590

(9.2%)

547

(9.2%)

612

(9.7%)

*57 Jurisdictions Reporting
**55 Jurisdictions Reporting
***56 Jurisdictions Reporting
a
Percent Not pass = #Total Not Pass /# Total Screened*100%
b
Percent Refused Diagnostic Service = # Total Refused Diagnostic Service/Total Not Pass*100%

Percent refused Early Intervention Service = #Total Refused Intervention Service/Total Permanent Hearing Loss*100%

c

Figure 2
Percent of Infants Not Documented to Have Received Recommended Follow-up Early Hearing Detection and Intervention
(EHDI) Services, 2018–2020

No Documented Receipt of EHDI
Follow-up Services

Diagnosis

45%

Intervention

40%
35%
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6.9%
3.1%

7.7%
2.8%

6.9%
3.1%

10%
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9.2%

9.7%

17.7%

19.1%

19.5%

2018

2019

2020

9.2%

20%
15%

10.0%

6.5%

25.9%

27.5%

29.9%

5%
0%

2018

2019

2020
LFU/LTD

Refused

Other*

*The Other category includes no documented diagnosis or enrollment into intervention due to reasons other than family refusal or lost
to follow-up/lost to documentation (LFU/LTD; e.g., not eligible for or not referred to service, infant deceased, moved out of jurisdiction,
and medical reasons).

Factors Influencing EHDI
Plausible reasons for the reductions in follow-up diagnosis
and access to services among infants who screened
positive for possible hearing loss in 2020 can be found
when considering both internal and external factors that
impacted EHDI during COVID-19. In May 2020, HRSA
convened a listening session co-hosted by the National
Center for Hearing Assessment and Management
(NCHAM) and the Association of Public Health Laboratories
(APHL). The purpose of this meeting was to discuss

possible solutions to the challenges faced for newborn
hearing and dried blood spot screening, and to understand
families’ experiences from screening through follow-up
(APHL, n.d.). Barriers identified during the listening session
included staffing shortages, facility closures, limited hours
for out-patient procedures, families sick or quarantining,
and parental hesitancy to return for follow-up services.
As with many systems of care, the impact of COVID-19
touched every part of the EHDI system from screening to
diagnosis and enrollment into intervention.
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Typically, the newborn receives a first hearing screen
between 18 and 24 hours after birth in the hospital
and then a secondary screen before discharge, if the
newborn did not pass the first screen. However, during the
COVID-19 pandemic the duration of maternal/newborn
stays in the hospital after delivery were often reduced
(Greene et al., 2020). A shorter maternal/newborn stay
may have impacted hospitals’ ability to perform a second
screen, which should be conducted at 6 hours after the first
screen when necessary (JCIH, 2019). Staff at hospitals
were also often diverted to assist with overflow of patients
affected by COVID-19, potentially leaving less experienced
or different staff to perform the hearing screens. Both short
hospital stay and staffing issues combined could play a
role in the observed higher refer rate (2.0%) during the
pandemic, compared to the previous two years (Table 1).
Lastly, some hospitals did not perform hearing screens on
newborns of mothers who tested positive for COVID-19.
This would increase the number of infants who required
additional follow-up and tracking for hearing screening and/
or evaluation services by EHDI programs.
As noted above, there was an increase in the number of
infants who were LFU/LTD from screening to diagnosis
in 2020. Underlying reasons for this increase in LFU/
LTD and the resulting decline in the overall meeting
of EHDI benchmarks include a reduction of services
among pediatric diagnostic audiology facilities, inability
of parents to locate childcare for siblings that could not
attend appointments due to COVID-19 protocols, concerns
of seeking healthcare due to COVID-19 exposure risk,
and families having to quarantine due to exposure to
COVID-19. Although healthcare was considered an
essential service, some audiology facilities were required
by the state or opted to cancel several weeks’ worth of
patient appointments when stay at home orders were
initially put in place throughout the United States (Kornak,
2020). Limited availability of pediatric audiology services
in some areas (e.g., rural) was already an issue pre-2020
and likely became more of a challenge during COVID-19.
Although the expanded use of telehealth for audiology
during the pandemic helped address the issue, families
of infants needing diagnostic evaluation would still have
had to travel to a location with the appropriate equipment
so that an aide/technician could place the necessary
electrodes for testing on the infant for the audiologist to
remotely conduct the necessary test(s) from their office.
Additionally, many audiology providers reduced the overall
number of patients seen to allow for spacing of patients
and increased disinfecting protocols (Kornak, 2020).
Despite the additional measures providers were taking to
reduce transmission of COVID-19 in healthcare facilities,
many families still opted to delay healthcare (Czeisler et
al., 2020). As of June 30, 2020, an estimated 41% of U.S.
adults reported having delayed or avoided medical care
during the pandemic due to concerns about COVID-19
(Czeisler et al., 2020).
Although the percentage of children enrolled in
intervention programs did not decline dramatically during
2020 proportionately, the ability of intervention programs

to conduct assessments and services virtually may have
helped minimize disruptions in services and any impact
on benchmark performance compared to previous years.
However, offering virtual only intervention may have
negatively impacted communities (e.g., rural) that do not
have access to high-speed internet even if it may have
helped address the issue of limited transportation already
present before the pandemic (Ekezue et al., 2021). Due to
limitations of aggregated data reported through the HSFS,
communities most impacted could not be determined.
EHDI programs generally operate within the jurisdiction’s
public health agency, which was usually the same agency
that led the COVID-19 response. Many jurisdictions
deployed EHDI staff to Public Health Emergency Teams,
which led to less time for EHDI staff to provide care
coordination for infants and families. Epidemiological
support, necessary for EHDI programs to monitor
and analyze performance, could also have been
limited and delayed if epidemiologists were diverted to
provide immediate and ongoing needs for COVID-19
surveillance activities. A fully functioning and up-todate EHDI Information System (EHDI-IS) is essential
to EHDI programs and their ability to perform tracking
and surveillance. During the pandemic, building,
enhancing, and maintaining a new module/database to
support COVID-19 surveillance was often a top priority.
Consequently, previously planned maintenance and
enhancements for EHDI-IS were often deferred, causing
further disruptions to EHDI program activities.
Implications for Practice, Policy, and Future Research
This article highlights disruptions to the provision of
EHDI services nationwide during the first year of the
COVID-19 pandemic. To help address these disruptions
and ensure all infants and young children received
recommended services, jurisdictional EHDI programs and
providers initiated new strategies to adapt to the context
of the pandemic to preserve the ability to serve children
and families. Strategies included developing specific
guidance for establishing newborn hearing screening
and follow-up as an essential service not to be delayed
due to COVID-19, increasing the use of telehealth to
provide intervention services (Anckner & Frew, 2022),
and upgrading their EHDI-IS to improve the timeliness of
referrals and better support child find activities.
Moving forward, EHDI programs can consider reaching
out to primary care physicians about the importance of
knowing the status of newborn hearing screen results on
infants born in 2020 and beyond. Primary care doctors
can also encourage families to complete recommended
diagnostic audiological examinations and seek evaluation
for enrollment into intervention programs if concerns about
hearing or other core areas of development are present.
EHDI programs can continue and expand collaborations
with other agencies and programs to engage families
needing follow-up services. The use of existing EHDI-IS
can support efforts to identify children in need of services.
In addition, although the pandemic moved into a second
year in 2021 and likely continued to impact the timely
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provision and receipt of services, jurisdictional EHDI
programs and healthcare providers have continued to
actively support and work with families to navigate the
EHDI process. CDC, along with other federal and national
partners, recognize the unique challenges posed by
COVID-19 pandemic for jurisdictional EHDI programs and
healthcare providers. Although the COVID-19 pandemic
impacted the receipt and timeliness of some EHDI
services, over 6,000 infants with permanent hearing loss
born in 2020 were nonetheless successfully identified
early through newborn screening. The near universal
hearing screening of newborns represents an important
public health prevention program that is withstanding the
many pressures of the COVID-19 pandemic. Families and
professionals can continue to work together to ensure
that all the infants and toddlers with signs of hearing loss
receive the diagnostic and intervention services they need.
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On March 13, 2020, the United States declared a national
emergency in response to the COVID-19 pandemic
(Federal Emergency Management Agency, 2020). Across
the nation, lockdowns and stay-at-home orders were
issued to reduce the spread of COVID-19. This caused
disruption to the U.S. health care system, specifically the
delivery and receipt of health care services due to closures
or reduced hours of facilities and, in at least some cases,
families declining or delaying in-person appointments. One
study published in May 2020 found the total diagnostic
imaging volume significantly declined by 12.3% during
the first 16 weeks of 2020 compared with 2019 (Naidich
et al., 2020). A different study found that emergency

department visits declined by 42% during early months of
the COVID-19 pandemic, compared to the same period in
2019 (Hartnett et al., 2020).
The purpose of this study was to assess the impact of
the COVID-19 pandemic on Early Hearing Detection
and Intervention (EHDI) services, specifically timeliness
and receipt of newborn hearing screening and followup audiological diagnostic services among infants born
in 2020. Findings from this study are intended to inform
efforts at the state level as well as provide partners with
a better understanding of how the COVID-19 pandemic
impacted the EHDI process and to help guide future
program improvement activities.
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the diagnostic evaluation date was available, the time
to diagnostic evaluation was calculated as the number
of days from the most recent referred hearing screen to
the date of the first reported diagnostic evaluation. The
time to event was set at 180 days (i.e., censored at 180
days). Although the recommended benchmark for infants
to receive a diagnostic evaluation after referral from
the hearing screen is by 90 days of age, we added an
additional 90 days to allow for capturing infants who may
have received an evaluation beyond the recommended
90 days of age. Infants who died (n = 3,168) or moved
out of their birth state (n = 736) were excluded from the
study because the date of when they died or moved was
not available, hence it was not possible to censor them
at appropriate times for the Kaplan–Meier analyses. The
pre-pandemic and pandemic curves were constructed and
compared using the log–rank test. P-values < 0.05 were
considered statistically significant. Data analyses were
performed using SAS version 9.4 software (SAS Institute
Inc., Cary, NC, USA).

Method
Four states (Georgia, Louisiana, Minnesota, and North
Carolina) were selected to participate in this study for their
successful experience in reporting detailed child-level
data to the Centers for Disease Control and Prevention
(CDC). Child-level, de-identified datasets were extracted
from the states’ EHDI information systems and submitted
to the CDC for analysis. Within each state, two cohorts
of births were identified. The pre-pandemic birth cohort
consists of 373,058 infants born between November 1,
2018 and October 31, 2019. The pandemic cohort consists
of 364,530 infants born between November 1, 2019 and
October 31, 2020. Although this predates the start of the
pandemic, children with hearing loss born at the end of
2019 would have been impacted in early 2020 when many
would typically be receiving diagnostic evaluations.
Analysis
We assessed the monthly percentage of (a) hearing
screening by one month of age among newborns and
(b) receipt of diagnostic evaluation by three months of
age among infants who referred (e.g., failed) the hearing
screen, before and during the pandemic. Screening and
diagnostic evaluation by one and three months of age
were examined because they represent key national
benchmarks within the EHDI process (JCIH, 2007,
2019). We also examined the refer rate from the newborn
hearing screen for each state, before and during the
pandemic. Additionally, we generated Kaplan–Meier
curves to assess receipt and timeliness to the start of the
diagnostic evaluation process among infants who referred
from the newborn hearing screening (see Appendix). If

Results
As illustrated in Figure 1, the percentage of newborns
screened by one month of age was largely unaffected by
the pandemic, with rates of 95.1% to 96.7% pre-pandemic
and 94.6% to 96.1% during the pandemic. However,
while screening rates were minimally impacted by the
pandemic, a significant increase in refer rates was observed
(z = 9.598, p < .0001; see Table 1). Overall, prior to the
pandemic 1.39% of screens in the participating states
resulted in a referral. During the pandemic this grew to
1.66%, with increases in three of the four states.

Figure 1
Receipt of Hearing Screening by One Month of Age by Birth Month and Cohort
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Table 1
Refer Rate from Newborn Hearing Screening by State and Cohort

Pre-Pandemic
Total Births
Georgia

Infants
Screened

Pandemic

Infants
Referred

128,945

123,681

2,106

Louisiana

58,545

58,292

Minnesota

65,469

N. Carolina

120,099

Percent
Infants
Referred

Total Births

Infants
Screened

Infants
Referred

Percent
Infants
Referred

1.7%

125,732

119,260

2,543

2.1%

1,140

2.0%

57,006

56,597

868

1.5%

64,825

834

1.3%

63,005

62,358

1,333

2.1%

119,816

1,000

0.8%

118,787

118,387

1,184

1.0%

Note. Refer Rate (%) = (Infants Referred/Infants Screened) x 100.
As summarized in Table 2, this increase in referral rates
was also associated with an increase in the time between
referral and diagnostic evaluation for each of the four
states (all p values < .05). For three of the states, the
median time between referral and diagnostic evaluation
increased by 11 to 31 days. In Georgia, less than half of
referrals received a documented diagnostic evaluation
making the median uninformative. Therefore, Table 2
reports time-to-evaluation in Georgia based on the 25th
percentile—with the time more than doubling during the
pandemic.
Figure 2 illustrates the percentage of newborns referred for
diagnostic testing who received their diagnostic evaluation
by the recommended three months of age. This is
presented based on a child’s birth month and cohort. For
example, 35.9% of the children born in January 2020 who
referred on their newborn hearing screen received their
diagnostic evaluation by three months of age, while 46.2%
of similar children in 2019 did so.
Finally, a Kaplan-Meier curve was generated showing
the cumulative rate (percent) of diagnostic evaluation
after referring from the most recent hearing screening for
babies in the four states combined. Infants who received
a diagnostic evaluation beyond 180 days of age, as well
as those with no documented evaluation (i.e., either the
baby never received an evaluation or they received an
evaluation but it was not documented) were censored at
180 days. Separate curves are presented based on prepandemic/pandemic cohort.
As seen in Figure 3, pre-pandemic babies were evaluated
sooner than babies impacted by the pandemic. Nearly
half (49%) of the pre-pandemic infants compared to
around 40% of the infants impacted by the pandemic were
evaluated by three months of age (p < 0.0001).
Discussion
Figure 2 shows that overall, 15% more pre-pandemic
infants who were referred from the hearing screen
received a diagnostic evaluation by three months of age,
compared to infants impacted by the pandemic. The

Table 2
Median time between Referred Hearing Screen and
Diagnostic Evaluation Based on State and Cohort

Georgia
Pre-Pandemic
Median (days)

25th Percentile (days)
Number of events

Number censored
Louisiana

Median (days)

25th Percentile (days)
Number of events

Number censored
Minnesota

Median (days)

25th Percentile (days)
Number of events

Number censored
North Carolina

(n = 2,034)

(n = 2,486)

74

166

1,399

1,854

Pre-Pandemic

Pandemic

37

48

n/a

635

(n = 1,117)
21

25th Percentile (days)

n/a

632

(n = 849)
23

796

575

Pre-Pandemic

Pandemic

321

274

(n = 795)

(n = 1,279)

19

25

42

533
262
Pre-Pandemic

Median (days)

Pandemic

75

709
570
Pandemic

(n = 948)

(n = 1,137)

21

25

48

69

Number of events

677

694

Number censored

271

443
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Figure 2
Receipt of Evaluation by Three Months of Age Among Referred Newborns, by Birth Month and Cohort

50.0%
45.0%
40.0%
35.0%
30.0%
25.0%
20.0%

46.2% 45.3%
41.8% 42.4%
41.8%
36.8%
39.7% 39.9% 38.6% 39.4%
37.5%
38.7%
41.0%
38.2% 41.0%
38.8% 37.5%
36.9%
37.6%
35.9%
32.2% 30.9%
28.7%
26.2%

15.0%
10.0%

March 13: National emergency declared in USA

Jan. 20: First case in USA

5.0%
0.0%

Nov

Dec

Jan

Feb

Mar

Apr May
Birth Month

Pre-Pandemic

Jun

Jul

Aug

Sep

Oct

Pandemic

Figure 3
Four States Combined: Receipt and Timeliness of Diagnostic Evaluation After Referring from the Most Recent Hearing
Screening
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largest difference in the evaluated-by-three-months rates
between the pre-pandemic and pandemic period was
observed for February births. February was the birth
month having the lowest reported receipt of evaluation
by three months of age (26.2%) during the pandemic
period, compared to 45.3% of pre-pandemic February
births. This difference was likely due to audiology facilities
being closed or operating at limited hours, which occurred
across the nation during the pandemic. It may also reflect
safety concerns among families about bringing infants
for in-person appointments, especially during the first
few months of the pandemic. The pandemic trend picks
up relatively quickly for infants born after March 2020
and appears to stabilize for infants born between May
and August 2020, possibly as states started to ease
restrictions/lifted the stay-at-home orders. The trend fell off
with September and October 2020 births, coinciding with
large spike in COVID-19 cases at the end of the year.
Minnesota’s refer rate increased noticeably during the
pandemic period compared to before the pandemic (Table
1). According to a nationally representative study, short
birth hospital stays (vaginal birth < 2 nights’ stay; cesarean
birth < 3 nights’ stay) among new mothers and infants
was 51% more common during the pandemic period than
pre-pandemic (Handley et al., 2022). Short hospital stays
can translate to a lower probability of infants who do
not pass their initial screen receiving a rescreen before
discharge. This could in part explain the high refer rate for
Minnesota during the pandemic period. Staffing issues
are another possible explanation. Hospitals across the
country experienced staffing issues during the pandemic
period. Staffing issues include staff being sick or having
to quarantine due to exposure, staff calling out because of
exhaustion, or reassignments. The aforementioned issues
can potentially result in less experienced or different staff
performing the newborn screens (Koracin et al., 2022),
which could have played a role in the observed high refer
rate during pandemic.
Figure 3 and Table 2 show increase in time to diagnostic
evaluation after referring from the hearing screen. This
could be due to state lockdown policies, diagnostic
facilities being closed or operating at limited hours
(especially early in the pandemic), and families’ preference
to delay in-person appointments due to exposure
concerns.
Conclusion
All four participating states reported a decline in the receipt
of infant audiological evaluation services and longer time
to audiological evaluation after not passing the hearing
screen during the first year of the COVID-19 pandemic.
This information is of critical importance because there
are long-term consequences for young children with
unidentified or late identified permanent hearing loss, such
as delayed language and cognitive development (JCIH,
2000). Should major public health events occur again in
the future, state EHDI programs can work with partners to
help minimize these consequences and expand follow-up
efforts to ensure infants not passing the hearing screen

receive recommended services in a timely manner.
These include developing specific guidance establishing
that newborn hearing screening and follow-up should
be considered an essential service and should not be
delayed by the event, upgrading their EHDI information
systems to improve the timeliness of referrals and better
support child-find activities, and actively reaching out to
primary care physicians about the importance of knowing
the newborn hearing screen results on infants born during
the event. Health care providers (e.g., physicians, hearing
screeners) can continue to take the time to educate
families about the importance of seeking recommended
follow-up services as soon as possible when infants fail
the hearing screening. In addition, use of tele-audiology
services, where audiological evaluations are provided
remotely, can be increased in the next public health event.
However, use of tele-audiology needs improvement as
it does not address families’ concern about exposure
during in-person appointments. The families of infants
needing diagnostic evaluation would still have to travel
to a location with the appropriate equipment so that a
technician could place the necessary electrodes on the
infant for the audiologist to be able to remotely conduct
the necessary evaluation(s) from their office. This issue
should be further explored because, if resolved, families
may be comfortable in using tele-audiology services and
we may see increase in use of these services should the
next public health event occur. Finally, there are currently
no similar published studies assessing timeliness from any
type of newborn screening to follow-up care before and
during the pandemic. To our knowledge, our study is the
first of its kind. Consequently, these findings may inform
other newborn programs beyond hearing screening.
Limitations
There are at least four limitations of this study. First, the
study is not nationally representative as it reflects only
data from four states. Future analyses including more
states may be of interest. Second, the infants who died or
moved out of the participating state were excluded from
the study due to dates of death or when unavailable due
to a family move. If this information were available, the
affected infants would be censored at appropriate times
in the Kaplan-Meier analysis and the curves may change
(e.g., higher curve to reflect higher receipt of diagnostic
evaluation). Third, there may be infants who did receive
services, but it was not documented in the state EHDI
information system (e.g., lost to documentation). Loss
to documentation contributed to an unknown portion
of missing data in diagnostic information. All missing
diagnostic data were treated as negative responses (e.g.,
not evaluated) and therefore these findings report a lowerend estimate of the true diagnostic evaluation rate. And
lastly, we were not able to assess the possible impact of
COVID-19 pandemic on the receipt and timeliness of early
intervention enrollment in the four participating states
because complete early intervention information for infants
born in 2020 were not yet available at the time of the study.
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Appendix
Kaplan–Meier curves to assess receipt and timeliness to the start of the diagnostic evaluation process among
infants who referred from the newborn hearing screening. Each state is represented by its own graph.

Georgia
Median (days)

25th Percentile (days)
Number of events

Number censored

Pre-Pandemic (n = 2,034)
n/a

Pandemic (n = 2,486)
n/a

74

166

1,399

1,854

635

632
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Louisiana
Median (days)

25th Percentile (days)
Number of events

Number censored

Pre-Pandemic (n = 1,117)

Pandemic (n = 849)

37

48

21

23

796

575

321

274
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Minnesota
Median (days)

25th Percentile (days)
Number of events

Number censored

Pre-Pandemic (n = 795)

Pandemic (n = 1,279)

42

75

19

25

533

709

262

570
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North Carolina
Median (days)

25th Percentile (days)
Number of events

Number censored

Pre-Pandemic (n = 948)

Pandemic (n = 1,137)

48

69

21

25

677

694

271

443
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Abstract
Purpose: We reviewed how Social Determinants of Health relate to health inequities and disparities for Early Hearing
Detection and Intervention (EHDI) programs. Then, we examined links between specific sociodemographic factors
(maternal age, maternal education, race/ethnicity) and hearing screening and diagnostic audiology follow-up for newborns
in the United States and its territories.
Methods: Maternal demographic, hearing screening, and diagnostic data extracted from publicly available Centers for
Disease Control and Prevention (CDC) records were reported to CDC by personnel responsible for EHDI programs. Data
were subjected to statistical analysis using analysis of variance and multiple regression techniques.
Results: Results showed no significant differences in screening follow-up outcomes for maternal age, education, or race/
ethnicity. There was a significant difference for maternal education and race/ethnicity for diagnostic follow-up outcomes,
but not for maternal age.
Conclusion: Results of this study are consistent with the findings of previous studies regarding hearing screening followup and diagnostic audiologic follow-up outcomes. Maternal education and race/ethnicity were linked to hearing diagnostic
audiologic follow-up for newborns in the United States and its territories. Suggestions for future research, policy, and
practice to improve the effectiveness of EHDI efforts are provided.
Key Words: newborn hearing screening, diagnosis, Early Hearing Detection and Intervention, Social Determinants of
Health, health disparities
Acronyms: CDC = Centers for Disease Control and Prevention; EHDI = Early Hearing Detection and Intervention;
HSFS = Hearing Screening and Follow-Up Survey; IS = Information Systems; LTF/D = loss-to-follow-up/loss to
documentation; SDoH = Social Determinants of Health
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The Early Hearing Detection and Intervention (EHDI)
system, established to identify infants with hearing loss
and to minimize long-term adverse effects that can result
from unidentified congenital or early onset hearing loss,
directly benefits American families across the 50 U.S.
states and territories. EHDI’s precise goals are screening
for hearing loss by age 1 month/30 days, diagnosis by age
3 months/90 days for those not passing the screening,
and enrollment in early intervention services by age 6
months/180 days for those identified with a hearing loss
(Centers for Disease Control and Prevention [CDC], n.d.c;
Joint Committee on Infant Hearing [JCIH], 2019). These

1-3-6 goals are known as the National EHDI Goals (CDC,
2003; CDC, n.d.a; National Center for Hearing Assessment
and Management [NCHAM], n.d.).
The benchmark goal for newborn hearing screening was
set as 95% by one-month chronological age, with a followup target of 70% (JCIH, 2000). With little data available
from which to gauge a realistic benchmark, the JCIH set
100% as the goal for verification of hearing loss by three
months of age. Each step of the process brings with it
a transition of services between healthcare providers,
agencies, and systems, presenting ample opportunities for
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loss-to-follow-up/loss to documentation (LTF/D). Although
the EHDI process is a national initiative, its programs are
implemented and administered at state and territory levels,
with each entity contributing aggregate data through the
CDC’s annual Hearing Screening and Follow-Up Survey
(HSFS; Nicholson et al., 2022) which is used to help
assess progress in EHDI. Laws and regulations related
to the reporting of screening and diagnostic data vary by
state/territory. The HSFS data is voluntarily reported public
health data collected annually by the CDC and is available
via a public website (CDC, n.d.c). Unique strengths and
weaknesses within each jurisdiction influence reported
outcomes for the EHDI program.
Social Determinants of Health (SDoH)
Social determinants of health (SDoH) are non-medical
variables or environmental conditions influencing health
outcomes (Matiz et al., 2022). The circumstances in
which people are born, grow, live, play, work, and age
constitute the SDoH (World Health Organization [WHO]
and Commission on Social Determinants of Health, 2008).
Having sufficient financial resources linked to economic
stability, accessibility to quality education and healthcare,
safe home and school environments, and accessibility to
play areas within the social and community context are
primary domains of SDoH (U.S. Department of Health and
Human Services [DHHS], n.d.). Together, these factors
influence the health and well-being of all individuals,
influencing differences in sociodemographic variables as
well as contributing to health disparities and inequities.
(e.g., Erikson et al., 2022).
Health Inequities and Health Disparities
It is important to understand the difference between
health inequities and health disparities; ambiguity might
lead to misdirection of resources (Braveman, 2014).
Health inequities refers to inequalities or differences in
treatment due to being marginalized or minoritized (e.g.,
those who are resource-constrained or not identified as
white or residing in rural communities). On the other hand,
health disparities refer to outcome differences largely
due to the impact that SDoH have on specific populations,
irrespective of service provider treatment (e.g., Florentine
et al., 2022; Schuh & Bush, 2021).
Hearing health disparities among children contribute to
poorer outcomes. Children with hearing loss from certain
ethnic or impoverished backgrounds or from specific
geographic regions have been significantly delayed in
diagnosis and intervention (Barr et al., 2019; Boss et
al., 2011; Bush et al., 2013; Bush, Bianchi, et al., 2014;
Bush, Osetinsky, et al., 2014; 2017; Parker et al., 2020).
Children with hearing loss are more likely to live in
poverty and not take advantage of hearing health services
(Boss et al., 2011; Emmett & Francis, 2014; Linton et al.,
2019). Hearing health services seem either less likely
to be sufficient or not provided at all to some children
with hearing loss from marginalized or non-white groups
(e.g., Bush et al., 2017; Ely & Driscoll, 2019; Linton et

al., 2019; Liu et al., 2020; Nieman, Marrone, et al., 2016;
Nieman, Tunkel, et al., 2016; Okolie et al., 2020; Qian
et al., 2021; Tolan et al., 2017; Zhang et al., 2019). The
first two decades of this century often placed non-white
American children at distinct disadvantages (Cooc &
Kiru, 2018; Love & Beneke, 2021; McManus et al., 2010;
Morgan et al., 2017; Park et al., 2021; Parker et al., 2020;
Thorne et al., 2019). Hearing health disparities are linked
to identification/diagnosis of hearing loss, use of hearing
devices, and medical treatment of hearing-related issues
that include cochlear implantation (e.g., Liu et al., 2020;
Okolie et al., 2020; Peltz et al., 2021; Zhang et al., 2021).
Sociodemographic Factors
Sociodemographic data are the classifiable characteristics
of a given population (e.g., age, gender, race, ethnicity),
commonly used in public health surveys and reports.
Sociodemographic characteristics may impact outcomes
among young children with hearing loss by influencing
a primary caregiver’s ability to: (a) acquire knowledge
about the value of early identification of hearing loss, (b)
communicate effectively with hearing healthcare providers,
and (c) obtain effective social support for securing
audiological diagnosis. Researchers often consider
sociodemographic factors as predictors or independent
variables used in regression analyses (Salkind, 2010).
Sociodemographic Variables

A sociodemographic variable is any variable that relates
to or involves a combination of social and demographic
factors which can significantly influence mental and
physical health or intervention outcomes. For example,
research having to do with child development often
associates child health, educational, or intervention
outcomes with such variables as maternal age, child sex/
gender identification, parental educational attainment,
marital status, family composition/living arrangements,
religious affiliation/practices, caregivers’ ethnic
background, maternal/child skin color, level of household
income, parental employment status, geographic area
of residence, neighborhood characteristics, language/s
spoken at home, household routines, abuse or
complex needs of family members, and/or availability of
neighborhood/family resources (e.g., Behforouz et al.,
2014; Crutchfield et al., 2022; Davis-Strauss et al., 2021).
It is important to recognize that one of these variables can
exacerbate the effects of another variable (e.g., poverty
can unduly influence the effects of being marginalized due
to skin color). Likewise, poverty can negatively influence
household routines, neighborhood characteristics, and so
on. As a variable, low-income level is particularly insidious.
Publicly reported EHDI hearing screening and follow-up
outcomes collected from voluntary state and territory
HSFS reports to the CDC are published on the CDC
EHDI website. The sociodemographic variables collected
and reported include maternal age, education, race,
and ethnicity. These data provide a limited window into
sociodemographic factors or variables that may impact
outcomes.
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Age. Maternal age, a significant sociodemographic
variable influencing child diagnostic and developmental
outcomes is considered a high-risk factor with teen
pregnancies under 17 years and geriatric pregnancies
over 35 years (Shanker et al., 2019). Although such highrisk maternal age groups involve more birth complications
(Cavazos-Rehg et al., 2015), geriatric pregnancies are at
lower risk for problematic child developmental outcomes
(Duncan et al., 2018; Falster et al., 2018).
Education. Maternal education, one of the
sociodemographic variables reported as EHDI outcomes
by the CDC, is linked to language outcomes for both
typically hearing children (Bruce et al., 2022; Hoff et al.,
2018; Justice et al., 2020) and children using hearing
technology (Ching et al., 2018; Tomblin et al., 2015;
Yoshinaga-Itano et al., 2018). Maternal education is also
linked to EHDI outcomes (Nicholson et al., 2022; Zeitlin et
al., 2021).
Race. Race is a fluid social construct based primarily
on perception of skin color (Monk, 2021). Skin color
is a visual attribute assigned to African-Americans as
well as non-white Latino-Americans, Asian-Americans,
Pacific Islanders, and indigenous groups such as Native
Americans/Hawaiians/Alaskans (Braveman et al., 2022).
Race, linked with EHDI outcomes, warrants further
analysis (Cunningham et al., 2018; Deng et al., 2022).
Ethnicity. Ethnicity is a social construct distinct from race/
skin color (Breathett et al., 2021; Flanagin et al., 2021).
Regardless of skin color or other visual attributes, people
within many ethnic groups self-identify more so with their
ethnic backgrounds (e.g., Vietnamese, Ethiopian, Hmong,
Guatemalans, Filipinos, Haitians, Nigerians, Pakistani,
Osceola, Inuit, Moroccan, Samoan; see, e.g., Holland
& Palaniappan, 2012). Previously reported research
demonstrated no relationship between Hispanic and nonHispanic ethnicities and EHDI outcomes (Nicholson et al.,
2022).
Purpose
The purpose of this study was to investigate differences
in CDC EHDI HSFS reported data for maternal age,
education, and race/ethnicity from 2016 to 2018.
Specifically, we hypothesized significant differences: (a) in
the percentage of states and territories reporting screening
and diagnostic rates for 2016, 2017, and 2018 by maternal
age, education, and race/ethnicity; (b) between the type
of reason for LTF (documented reasons for lack of followup) or LTD (undocumented reasons for lack of follow-up or
no report in screening and diagnostic testing during 2016,
2017, and 2018); and (c) by maternal sociodemographic
and socioeconomic variables (age, education, and race/
ethnicity) on screening, diagnostic, and LTF/D rates for
2016, 2017, and 2018. For this study, we refer to these
variables as maternal demographic variables to maintain
consistency with the CDC EHDI HSFS data reporting.
Method
Protocol #2022-132 was approved by the Nova
Southeastern University Institutional Review Board. The

data included in this study was reported to the CDC on the
EHDI HSFS by participating state and territory jurisdictions
and is publicly available on the CDC EHDI website (n.d.b).
Study Population
The participant cohort for this study was comprised of
11,382,997 infants who were born January 1, 2016 through
December 31, 2018, as documented in the CDC EHDI
HSFS annual report. At the time of this study, data through
2018 was available for analysis.
Data Collection
The CDC reported data by jurisdictions for screening,
diagnostic, and intervention related variables from Part 1 of
the HSFS while maternal demographic data was reported
in the aggregate for all jurisdictions that provided these
data. The jurisdictional de-identified data for LTF/D for
screening and for diagnosis were exported into an excel
spreadsheet for birth years 2016, 2017, and 2018 (CDC,
n.d.b). The reasons for lack of follow-up data were coded as
documented and undocumented for the purposes of further
analysis. Aggregate maternal demographic data for age,
education, and race/ethnicity were extracted from the CDC
website for birth years 2016, 2017, and 2018 (CDC, n.d.b).
Measures
Number of Jurisdictions Reporting Demographic Data
The CDC listed the number of jurisdictions who reported
maternal demographic data on the HSFS for each year.
Jurisdictions reporting greater than 20% of the total
demographics in the unknown category were excluded
from the CDC analysis and demographic summary
(CDC, n.d.b). The aggregate maternal demographic data
available from the CDC consisted of those jurisdictions
reporting less than or equal to 20% for each demographic
variable which were included in the dataset for maternal
demographics. To calculate the percentage of states
and territories reporting for each service (i.e., screening
or diagnosis) for each demographic variable (i.e., age,
education, ethnicity, race/ethnicity) for each year (i.e.,
2016, 2017, and 2018) served as the numerator. The
total number of jurisdictions reporting demographic data
and included in the data set served as the denominator.
Percentages were calculated for each maternal
demographic for each condition, demographic, and year.
LTF/D for Screening
The definitions for screening LTF/D were those standard
HSFS definitions used by the CDC. The total number and
percentage of infants, for whom maternal demographic
data was reported, who did not complete the follow-up
hearing screening after failing the initial screen for 2016,
2017, and 2018 were extracted from the CDC website.
Infants considered LTF were those with reasons for
lack of follow-up documented by the hospital (e.g., in an
electronic medical record). Infants considered LTD were
those who may have received services, but data were not
reported, and the parents could not be contacted by the
state EHDI follow-up team following the hearing screening.
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The total number and percentage of infants who did
not complete the follow-up diagnostic after failing the
screening process for whom maternal demographic data
were reported were extracted and recorded. Infants
who had a documented status were considered as LTF.
Infants who did not have a documented status and could
not be contacted were considered LTD. Documented
reasons included diagnostic in process, primary care
physician (PCP) did not refer, non-resident or moved,
medical reason, parents declined, transferred, or adopted.
Undocumented reasons included parents unresponsive,
unable to contact, and other.
Maternal Demographic Variables
Maternal Age. The percent of infants born to mothers
by year (2016, 2017, 2018), condition (screening or
diagnostic), and age group (< 15, 15–19, 20–24, 25–34,
35–50, and 50+ years) for whom maternal demographic
data were extracted and plotted.
Maternal Education. The percentage of infants born to
mothers by year (2016, 2017, 2018), condition (screening
or diagnostic), and education level (less than high school,
high school/GED, some college/associate degree, and
college graduate+) were extracted and plotted.
Maternal Race/Ethnicity. The percent of infants born to
mothers by year (2016, 2017, 2018), condition (screening
or diagnostic), and race/ethnicity (white Non-Hispanic,
white Hispanic, black Non-Hispanic, black Hispanic,
Asian, Native Hawaiian or Pacific Islander, American
Indian or Alaskan Native, or Other) were extracted and
plotted.
Data Analysis
Data were combined across 56 jurisdictions for 2016
and 2017 and 57 jurisdictions for 2018 for analysis.
Screening and diagnostic evaluation processes based
on birth cohort for number of jurisdictions reporting,
LTF/D, and demographic variables (maternal age,
education, ethnicity, and race/ethnicity) were analyzed.
Descriptive statistics consisted of group frequencies
and/or percentages. Inferential analysis consisted of
the univariate analysis of variance (ANOVA) to test
hypotheses with follow-up post hoc multiple pairwise
comparisons as needed.
Results
The purpose of this study was to (a) investigate
jurisdictional reporting patterns in CDC EHDI HSFS data
by year, condition, and maternal demographic variable,

Number of Jurisdictions Reporting Demographic Data
The first research question: Was there a significant
difference in jurisdictional reporting patterns in CDC
EHDI HSFS data by year for condition or for maternal
sociodemographic variable? An Analysis of Variance
(ANOVA) revealed no significant differences between
screening and diagnostic reporting by year or with
interaction of year and maternal demographic. There
was a significant effect on reporting by maternal
demographic [F(2, 9) = 14.55, p = .002]. The number of
jurisdictions reporting maternal age and race/ethnicity
were significantly higher than those reporting education
(p < .05). See Figure 1.
Figure 1

Number and Percent of Jurisdictions Reporting Maternal
Demographics for Screening and Diagnostic Follow-Up
Outcomes 2016–2018
Screening Follow-Up by Maternal Demographics
100
80

Percentage

LTF/D for Diagnostics

(b) explore type of LTF/D by year, specific reason, and
condition, and (c) examine differences in screening
and diagnostic completion rates by year and maternal
sociodemographic factor.

60
40
20
0
2016 (N=56)
2017 (N=56)
2018 (N=57)

100

Age
73.21
75
75

Education
58.92
75
66.07

Ethnicity
64.28
69.64
69.64

Race
69.64
75
78.57

Diagnostic Follow-Up by Maternal Demographics

80
Percentage

Documented reasons listed on the HSFS for not receiving
services included: infant died, moved out of jurisdiction,
medical reason, parents declined, transferred, adopted,
homebirth. Undocumented reasons listed on the HSFS
for not receiving services included: parents unresponsive,
unable to contact, unknown, and other. Numbers were
recorded and percentages were calculated for each reason
for each year in each category.

60
40
20
0
2016 (N=56)
2017 (N=56)
2018 (N=57)

Age
73.21
69.64
73.21

Education
58.92
64.28
66.07

Ethnicity
66.07
67.85
67.85

Race
73.21
71.42
75

Note. The number and percentage of jurisdictions reporting
to the Centers for Disease Control and Prevention (CDC) on
the Early Hearing Detection and Intervention (EHDI) Hearing
Screening and Follow-Up Survey (HSFS) is shown for screening
follow-up outcomes (top panel) and diagnostic follow-up
outcomes (bottom panel). Fifty-six jurisdictions responded to the
survey in 2016 and 2017; 57 responded in 2018. See https://
www.cdc.gov/ncbddd/hearingloss/ehdi-data.html by year for
more information.
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LTF/D for Screening and Diagnosis
The second research question posed: Was there a
significant difference for LTF/D outcomes by year or
classification of reason (documented vs. undocumented)?
Screening results are presented separately from
diagnostic results. Table 1 shows screening data by year,
classification of documented versus undocumented, and
specific reason for LTF/D. The three highest documented
reasons for loss to screening follow up consistent
across years were “infant dies”, “parents declined”, and
“homebirth”, each receiving approximately 25–33% of
responses. The largest undocumented category was
“unknown” at about 75%. Similar data for diagnostics is
visible in Table 2, although the list of specific reasons is
slightly different. For the documented reasons, “parents
declined” and “non-resident or moved” have response
levels between 25–35%. A third documented reason, “in
process” (i.e., the jurisdiction is working to finalize and

submit the data), shows a 10% downward trend, 27% to
17%, across the three years, suggesting that processes
and/or reporting improved in many jurisdictions.
Multiple regression analyses on the screening and
diagnostic data indicated that year and documented/
undocumented type predicted 90.3% (screening) and
98.7% (diagnostics) of the variances. Results show
that documented vs. undocumented was significant in
predicting the outcomes (screening: ẞ = -.91, p = .007;
diagnostic: ẞ = .99, p < .001), but year was not.

Maternal Demographics
The third research question: Was there a significant
difference in reported procedure completion rates by
condition (screening versus diagnostic) or for each maternal
demographic (age, education, race/ethnicity)? To assess
this question, screening and diagnostic data were analyzed
separately, and a univariate ANOVA was conducted for each
demographic variable. Data are shown for maternal age,
education, ethnicity, and race on Figures 2–3.

Table 1

Number and Percentage of Infants Not Completing Screening Process for Birth Years 2016, 2017, and 2018 by Reason
(CDC EHDI HSFS Data)
Reason
Loss to Follow-Up
(LTF)
Documented Reasons for LTF

2016

2017

2018

11,988 (28%)

11,708 (29%)

12,222 (31%)

988 (2%)

948 (2%)

1,204 (3%)

Medical Reason

2,284 (5%)

2,769 (7%)

3,304 (8%)

Parents declined

9,955 (24%)

10,878 (27%)

9,793 (25%)

Transferred

4,691 (11%)

1,396 (3%)

1,702 (4%)

20 (<1%)

7 (<1%)

203 (<1%)

12,185 (29%)

12,962 (31%)

11,263 (28%)

42,111

40,668

39,691

56%

63%

63%

Infant dies
Moved out of Jurisdiction

Infant Adopted
Homebirth
Subtotal # LTF
Subtotal Percent LTF
Loss to Documentation

Unresponsive

1,489 (4%)

1,169 (5%)

1,023 (4%)

(LTD)

Unable to contact

1,051 (3%)

1,035 (4%)

2,484 (11%)

Undocumented re: follow-up

Unknown

26,067 (71%)

18,820 (77%)

16,145 (69%)

4,005 (11%)

3,356 (15%)

3,696 (16%)

32,612

24,380

23,348

44%

37%

37%

Total # LTF/D

74,742

65,048

63,039

Total # Births

3,830,526

3,807,656

3,744,815

2%

2%

2%

Other
Subtotal # LTD
Subtotal Percent LTD

Total Percentage LTF/D

Note. Total Percent LFU / LTD: ((# Contacted but Unresponsive + # Unable to Contact + # Unknown) / # Total Occurrent
Births) * 100. LTF/D = Loss-To-Follow-up/Documentation. The number of jurisdictions reporting to the Centers for Disease
Control and Prevention (CDC) on the Early Hearing Detection and Intervention (EHDI) Hearing Screening and Follow-Up
Survey (HSFS) was 56 for 2016 and 2017; however, 57 reported for 2018.
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Table 2

Number and Percentage of Infants Not Completing Diagnostic Process for Birth Years 2016, 2017, and 2018 by Reason
(CDC EHDI HSFS Data)
Reason/Birth Year

2016

2017

2018

1,607 (27%)

1,201 (21%)

898 (17%)

Documented

In process

(LTF)

PCP did not refer

67 (1%)

61 (1%)

104 (2%)

Infant died

403 (7%)

410 (7%)

437 (8%)

1,676 (28%)

1,758 (31%)

1,755 (33%)

Non-resident or moved

Subtotal # LTF

Medical Reason

418 (7%)

211 (4%)

256 (5%)

Parents declined

1,666 (28%)

2,051 (36%)

1,878 (35%)

106 (2%)

18 (<1%)

35 (1%)

24%

26%

25%

Unresponsive

4,708 (26%)

5,778 (36%)

5,229 (32%)

Unable to contact

2,675 (15%)

2,714 (17%)

3,828 (24%)

Unknown

9,139 (50%)

6,957 (43%)

6,524 (40%)

Other

1,856 (10%)

713 (04%)

680 (4%)

76%

74%

75%

24,321 (37%)

21,872 (35%)

21,624 (36%)

65,157

62,859

60,258

Infant Adopted

5,943

Subtotal Percent LTF
Undocumented
(LTD)

Subtotal # LTF

18,378

Subtotal Percent LTD
Total # LTF/D
Total # Failed Screening

5,710

16,162

5,363

16,261

Note. Total Percent LFU / LTD: ((# Contacted but Unresponsive + # Unable to Contact + # Unknown) / # Total Occurrent
Births) * 100. LTF/D = Loss-To-Follow-up/Documentation. The number of jurisdictions reporting to the Centers for Disease
Control and Prevention (CDC) on the Early Hearing Detection and Intervention (EHDI) Hearing Screening and Follow-Up
Survey (HSFS) was 56 for 2016 and 2017; however, 57 reported for 2018.
Maternal Age
Categories for maternal age in years were (a) less than
15, (b) 15 to 19, (c) 20 to 24, (d) 25 to 34, (e) 35 to 50,
(f) 51 and above (see Figure 2). The ANOVA showed no
significant difference by year for screening or diagnostics.
Analysis for all three years revealed a significant difference
by maternal age for diagnostics [F(5,12) = 5.31, p =
.008] but none for screening. Figure 2 shows that the
reporting pattern for age is similar for the youngest and
oldest groups, low-high-low for 2016–2018. By contrast
the remaining age groups all had a similar pattern of age
reporting, with a decreasing trend across the three years.
An additional ANOVA of the maternal age diagnostic data
collapsed across the three years was completed, which
indicated no differences among any age groups [F(5,12)
= 1.81, p = .184]. This finding suggests that the individual
group differences reported for the < 15 and > 50 age
groups are likely due to anomalous reporting in one or
more years.
Maternal Education

Categories for maternal education were (a) less than
high school, (b) high school/GED, (c) some college, and
(d) college graduate (see Figure 3, top panel). Although
results of the univariate ANOVA showed a significant
difference for education level in screening condition by

year [F(2,11) = 4.32, p = .048], the Bonferroni post hoc
analysis indicated no significant differences between any
pairs of years, and the data were collapsed. Subsequent
analysis of screening data yielded no significant
differences by maternal education.
ANOVA results showed a significant effect for diagnostics
collapsed across years [F(3,8) = 116.98, p < .001].
Bonferroni post hoc pairwise comparisons indicated
significant differences for all comparisons. See Table 3 for
mean differences, level of significance, and confidence
intervals. Figure 3 indicates that, in general, the higher
the level of maternal education, the higher percentage
of reported diagnostics results. That trend appears to be
roughly 10% higher for each category of education level.
Across individual years there is a trend, albeit small, for a
lower level of reporting for all categories except less than
high school.
Maternal Race/Ethnicity

Categories for race/ethnicity used in this study were (a)
white Non-Hispanic, (b) white Hispanic, (c) black NonHispanic, (d) black Hispanic, (e) Asian, (f) Native Hawaiian
or Pacific Islander, (g) American Indian or Alaskan
Native, or (h) Other. No significant difference was found
by year for screening. There were statistical differences
between and among the race/ethnicity categories for
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Figure 2

Hearing Screening and Diagnostic Follow-Up Outcomes
for Maternal Age for 2016–2018

Percentage

100

Diagnostic Follow-Up Outcomes for Maternal Age

Figure 3

Hearing Diagnostic Follow-Up Outcomes for Maternal
Education (top panel) and Maternal Race/Ethnicity (lower
panel) for Years 2016–2018
Diagnostic Follow-Up Outcomes for Maternal Education

80

College Graduate +

60

Some College/Associate Degree

40

High School/GED

20

Less than High School

0

< 15

15-19

20-24

25-34

35-50

50+

Age
2016

2017

0

20

2018

40
60
Percentage

2017

80

100

80

100

2016

2018
Diagnostic Follow-Up Outcomes for Maternal Race

Hearing Diagnostic Follow-Up Outcomes by
Maternal Age (2016-2018)

Other
American Indian or Alaskan Native

Mean Percentage

100

Native Hawaiian or Pacific Islander
Asian

80

Black Hispanic

60

Black Non-Hispanic

40

White Hispanic

20
0

White Non-Hispanic
< 15

15-19

20-24

25-34

35-50

50+

Maternal Age

0

2018

Note. Hearing diagnostic follow-up outcomes for maternal age
by year are shown in the top panel and mean percentage of
hearing diagnostic follow-up outcomes for maternal age (2016–
2018 averaged) are shown in the lower panel. Data represents
maternal demographic variables reported by the Centers for
Diseases Control and Prevention (CDC) for the Early Hearing
Detection and Intervention (EHDI) Hearing Screening and
Follow-Up Survey (HSFS) for 2016, 2017, and 2018. See https://
www.cdc.gov/ncbddd/hearingloss/ehdi-data.html by year for
more information.

screening across years. However, we suggest they are
not meaningful, given the quite similar values across
categories shown in Figure 3 (lower panel) and we do not
report those here.
The across-year ANOVA on maternal race/ethnicity
showed significant differences for diagnostics [F(7,16)
= 7.533, p < .001]. The subsequent post hoc pairwise
comparisons using Dunnett T3 [Levene = 4.523, p = .006]
indicated significantly lower follow-up rates for black NonHispanics compared to (a) white Non-Hispanics and (b)
Asians, and significantly lower follow-up rates between
American Indians or Alaskan Natives and (a) white NonHispanics, (b) white Hispanics, (c) black Non-Hispanics,
and (d) Asians (see Table 4 for the mean differences and
significant results matrix). All other pairs were statistically
similar.
Our results suggest that the number of jurisdictions
reporting demographic data has remained stable over the

20

2017

40
60
Percentage
2016

Note. Hearing diagnostic follow-up outcomes for maternal
education are shown by year in the top panel. Hearing diagnostic
follow-up outcomes are shown by race/ethnicity by year in the
lower panel. Data represents maternal demographic variables
reported by the Centers for Diseases Control and Prevention
(CDC) for the Early Hearing Detection and Intervention (EHDI)
Hearing Screening and Follow-Up Survey (HSFS) for 2016,
2017, and 2018. See https://www.cdc.gov/ncbddd/hearingloss/
ehdi-data.html by year for more information.

past three years. Year did not predict LTF/D screening
or diagnostic outcomes. To tease out variables related
to SDoH, we categorized LTF/D variables by those that
have valid documented reasons why screening and/
or diagnostics could not be completed and those that
did not have valid documented reasons. We found
that documented versus undocumented categories of
reasons for LTF/D did not predict LTF/D outcomes for
screening or diagnostics. We then evaluated the impact of
maternal demographics on completion rates for screening
and diagnostic processes and found that there are no
significant differences for age; however, education and
race/ethnicity play a significant role.
Discussion
The goal of this study was to explore how SDoH is related
to hearing health disparities. Specifically, we sought to
examine CDC EHDI HSFS screening and diagnostic
outcomes, maternal demographic variables, and LTF/D
for years 2016, 2017, and 2018; at the time of the
analysis, this was the available data. For newborn hearing
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Table 3

Mean Differences for Education Level, Standard Error, Level of Significance, 95% Confidence Intervals (Lower Bound and
Upper Bound) for Bonferroni Post Hoc Pairwise Comparisons for Diagnostics
95% Confidence Interval
Education Level
Less than High
School

High School
Diploma/GED

AA/AS/Some
College

College Graduate

Comparison

Mean Difference

Significance

Lower Bound

Upper Bound

HS/GED

-.063

.012

-.127

.000

AA/AS/Some

-.150

< .001

-.220

-.079

Coll Grad

-.250

< .001

-.307

-.193

< HS

.063

.012

-.000

.127

AA/AS/Some

-.086

.002

-.158

-.015

Coll Grad

-.187

< .001

-.252

-.122

< HS

.150

< .001

.079

.221

HS/GED

.086

.002

.015

.157

Coll Grad

-.100

< .001

-.170

-.031

< HS

.250

< .001

.194

.307

HS/GED

.187

< .001

.121

.252

AA/AS/Some

-.100

< .001

.031

.170

Note. < HS = Less than high school; HS/GED = High School degree or Graduate equivalent degree; AA/AS/Some =
Associate of Arts, Associate of Science, Some college; Coll Grad = College Graduate. *The mean difference is significant
at the .05 level.
Table 4
Mean Difference and Significant Results Matrix for Diagnostics—Dunnett T3 Post Hoc Pairwise Comparisons for Race/
Ethnicity

White Non-Hispanic
White Hispanic
Black Non-Hispanic
Black Hispanic
Asian
Native Hawaiian or
Pacific Islander

White Non- White
Hispanic
Hispanic

Black NonHispanic

Black
Hispanic

Asian

Native
Hawaiian
or Pacific
Islander

American
Indian or
Alaskan
Native

Other

.000

.148*

.091

-.015

.169

.315*

.011

.159

.102

-.004

.180

.326*

.022

-.057

*.163

.021

.167

-.138

-.106

.078

.224

-.080

.184

.330*

.026

.146

-.158

-.011

American Indian or
Alaskan Native

.304

Other

.000

Note. Matrix for Dunnett’s T3 post hoc analysis for race/ethnicity for the diagnostic condition. Mean differences are shown.
*indicates significance at the .05 level.
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screening, there was no significant difference by year;
however, the number of jurisdictions reporting maternal
age and race/ethnicity variables was significantly higher
than those reporting maternal education.
Screening Outcomes
Year did not predict LTF/D hearing screening outcomes;
however, reasons reported by the CDC accounted for
90.3% of the variation in screening follow-up outcomes.
Reasons categorized as LTF (documented in the electronic
health record) accounted for a higher predictive value than
reasons categorized as LTD (could not reach parents for
follow-up). Results showed no significant difference in
follow-up outcomes for maternal age, education, or race/
ethnicity for screening.
Diagnostic Outcomes
For diagnostic follow-up outcomes, when years were
collapsed there was a significant difference for education,
and race/ethnicity. For education, the higher the level
of educational attainment, the higher the likelihood of
follow-up. In general, diagnostic follow-up outcomes were
significantly lower for infants of mothers of color (black
Non-Hispanics, American Indian or Alaskan Natives) than
for other race/ethnicity categories.
CDC EHDI HSFS Data Quality for Demographic
Variables
Recent studies have brought attention to or identified
issues regarding the quality in CDC EHDI HSFS data for
demographic variables (Alam et al., 2016; Alam et al.,
2018; Gaffney et al., 2014; Sanchez-Gomez et al., 2019).
Salvidar (2012) suggests that U.S. government surveys
such as the CDC EHDI HSFS are expected to have a
response rate of at least 75%. Response rates (number
and percentages) for jurisdictions are shown in Figure
1. These response rates fall slightly below the expected
75% response rate for government surveys; therefore,
we suggest that data for maternal demographics be
interpreted with appropriate caution.
LTF/D Rates by Year, Condition, and Classification
Regression analysis results showed there was no
significant effect for year on screening or diagnostic followup outcomes; however, there was a significant effect for
classification for type of reasons (LTF documented versus
LTD undocumented) for both screening and diagnostics.
Some suggest several additional family variables that
may influence LTF/D (Holte et al., 2012; Zeitlin et al.,
2021) such as parental decision-making or cultural
factors/biases (Chung et al., 2017; Gaffney et al., 2014;
Gonzalez et al., 2017; Kenna, 2021; Landon et al., 2021;
Linton et al., 2019). Other variables identified include
(a) transportation issues, (b) health insurance coverage,
(c) language differences, (d) health literacy issues, and
(e) communication skills (Shulman et al., 2010). The
reasons used to classify LTF/D provide insight into the
social and cultural variables that may influence outcomes
(e.g., parents declined, infant in the foster care system

or adopted, homebirths, parents unresponsive to contact
attempts, unable to contact).
Impact of SDoH on Screening LTF/D Rates

Although there was no significant difference by year for
screening follow-up outcomes, there was a significant
difference in categories for LTF/D (see Table 1). Of infants
categorized as LTF/D, 61% had an identifiable cause.
Of these, approximately 29% were due to infant deaths;
however, about 29% were due to home births, and about
25% were due to parent denials. In each of these cases, an
educational intervention could be designed and implemented
to mitigate loss to follow-up. For the cases categorized as
LTD (39%), we do not know the why for unresponsiveness,
lack of accurate contact information, or the other unknowns.
Importantly, the overall LTF/D rate for newborn hearing
screening is very small for the total population (2%).
Impact of SDoH on Diagnostic LTF/D Rates

Previously reported data suggested a decreased likelihood
of diagnostic follow-up for: (a) mothers with less than a
high school education (Crouch et al., 2017); (b) in rural
areas with limited access to services (Bush, Osetinsky,
et al., 2014; Crouch et al., 2017); and (c) for those on
public insurance versus private insurance (Crouch et al.,
2017; Deng et al., 2022). Child variables that increase
the likelihood of delayed diagnostic testing include low
birthweight (Tran et al., 2016) and multiple audiology
appointments (Shanker et al., 2019; Tran et al., 2017).
Our data shown in Table 2 indicates that, on average,
33% of the time LTF is due to decline to follow-up by the
parents, 31% of the time it is due to the family moving or
being a nonresident of the state, and 22% of the time, the
diagnostic is still in process. The Action Kit for Audiologists
developed by the National Institute for Children’s Health
Quality (NICHQ) provides suggestions to facilitate
follow-up. Several identified system challenges may also
contribute to a decrease in LTF/D for diagnostic evaluations
(NICHQ, 2016; Williams et al., 2015). These data indicate
the possibility that additional SDoH, and other cultural
variables played a significant role in LTF/D. Our results
are consistent with previously reported data except for the
impact of maternal age on diagnostic follow-up outcomes.
Impact of Maternal Demographics
Sociodemographic data are the classifiable characteristics
of a given population and are commonly used in
public health reports. SDoH are the conditions in the
environment in which people are born, live, learn, and play
that predict quality of life outcomes and risks (National
Center for Health Statistics, 2001). Two of the maternal
demographics reported by the CDC fall into the category of
sociodemographic variables (i.e., age and race/ethnicity)
whereas others are considered SDoH (i.e., education).
The EHDI maternal demographic data are readily available
from the CDC HSFS annual report and are important
factors when assessing disparities in health services.
Our data show no significant difference in maternal
age, education, or race/ethnicity for screening follow-up
outcomes, but a significant difference for education and
race/ethnicity for diagnostic follow-up outcomes. Follow-up
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rates for screening and diagnostics are integrally related
to LTF/D rates, representing the inverse. Some research
on maternal demographics uses follow-up outcome rates
whereas other research uses the inverse, presenting
LTF/D outcome data. This is something to be aware of
when examining and interpreting the data.
Maternal Age

Teen mothers tend to be over-represented by low
socioeconomic status or low maternal education (Hunter,
2012) or come from families with similar backgrounds
(e.g., a cycle of intergenerational hardship referred to as
a culture of despair; Basch, 2011; DeBacker & Routon,
2021). Restated, social context plays a role in teenage
pregnancy and childbearing (Hunter, 2012). The incidence
of birth complications is much more significant among nonwhite women, largely due to environmental stressors and
health care disparities (Anifantaki et al., 2021; Braveman
et al., 2021; Petersen et al., 2019).
Given that children of teen mothers are at greatest risk for
a host of health, social, and economic issues (Agnafors
et al., 2019), one might expect a relationship between
maternal age, hearing screening, and follow-up outcomes
(Deng et al., 2022; Shanker et al., 2019). Meyer and
colleagues (2020) reported a higher risk of delayed
diagnosis in infants of mothers younger than 25 years of
age for 2012 to 2016 in Minnesota. Our data, however,
does not support this finding. Differences could be
attributed to several variables such as population source
and number, age categories, choice of statistical analyses,
and/or data quality. Meyer et al. (2020) reported a
significant difference for maternal age less than 25 years,
and our lowest age category was less than 15 years.
Maternal Education

Historically, research-based evidence typically includes
at least one of three key variables that constitute
socioeconomic status (SES), sometimes referred to
as social class: (a) parental educational attainment,
(b) parental occupational status/job prestige/subjective
perceptions of social class; (c) household or family
income/financial security. These three factors, designated
to establish an individual’s social standing, are intended to
encompass quality of life attributes as well as opportunities
and privileges afforded people within society (DarinMattsson et al., 2017). Although some consider SES
to be a reliable predictor of physical and mental health
across the life span, others question the validity of what
it measures (e.g., Navarro-Carrillo et al., 2020; Zang &
Bardo, 2019). Questions have been raised about the
quality of such data, the narrowness of the measures, and
the lack of a composite SES measure (Cowan et al., 2012;
Dickinson & Adelson, 2014). Maternal education continues
to be used as a substitute for SES when data on income
and occupation is not available. Such is the case with the
CDC HSFS EHDI data.
Education/SES Indicator. Maternal education is the only
one of the three SES indicators reported by the CDC on
the EHDI HSFS. Limitations in using a level of formal
education attained by a parent have been reported.

For example, a parent may or may not have attained
a secondary/high school diploma yet have attained
considerable distance and technology-based informal
learning (Latchem, 2014). Informal education may be
insufficiently represented in the sociodemographic variable
of maternal education; the quality of this sociodemographic
variable has long been called into question (Alderman &
Headey, 2017; Harding et al., 2015). Rather than formal
education, the executive functioning or cognitive capacities
of parents may sometimes be a better proxy for SES
(Cuevas et al., 2014; Walhovd et al., 2022). Although
this is true, cognitive capacity or measures of executive
function are not easily accessible or included in publicly
reported data.
Villalba (2014) cautions against the use of maternal
education as the sole or primary determinant of SES,
suggesting it to be meaningless and statistically invalid.
SES is really a much larger issue than that of education
alone; it is typically based on several variables such as
occupation, number of years of education, income, and
place of living (Aarø et al., 2009). Deng and colleagues
(2022) used an approach to improve the validity of the
SES component by coupling material education with
family participation in the Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC). They
found the rate of diagnostic follow-up to be lower among
infants enrolled in the WIC program than those not
enrolled and occurring at an increased rate with higher
maternal education. This finding has potential intervention
implications for EHDI programs.
Our results concur with previously reported findings
demonstrating significantly higher follow-up rates with
higher maternal education. The relationship between
education and SES is noteworthy as maternal education
may be a confounding factor when considering resource
constrained families. Regardless of maternal education,
resource constrained families are in desperate need
of immediate social supports and diagnostic follow-up,
identification has the potential to connect families with a
holistic approach to intervention (Rendall et al., 2022).
Occupation. Although economic resources matter,
income can fluctuate and does not necessarily equal
wealth (e.g., work-related benefits may be excluded;
Thompson & Dahling, 2019). Moreover, income can vary
dramatically as in the case of well-educated students who
are unemployed. Similarly, using occupation as a data
collection point can exclude a good part of a population,
such as retirees, students, or temporarily unemployed
parents who may be transitioning to other occupations.
Occupations are not necessarily indicative of social class
(Svedberg et al. 2016). Income, education, and occupation
are not interchangeable SES characteristics; efforts to
equate these variables can result in validity issues (e.g.,
Darin-Mattsson et al., 2017; Galobardes et al., 2006). Our
data did not include consideration of occupation; however,
it is included here as one of the big three SES indicators.
Income. It is well known that insufficient or unstable
household income/economic resources can have
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deleterious effects on child development (e.g., Beech et
al., 2021). Nearly one in six children under the age of six
in the United States lives in poverty; these children reside
in food-insecure homes and are the poorest age group
in America (Children’s Defense Fund, 2021; Wight et al.,
2014). Poverty disproportionately affects children of color;
indeed, more than 70% of America’s impoverished children
are from marginalized non-white groups (Children’s
Defense Fund, 2021; Haider, 2021). The effects of
childhood poverty are pervasive, including its lifetime link
to injuries, chronic illness, hearing health, and mental
health difficulties (e.g., Gupta et al., 2007; Schmidt et al.,
2021).
More importantly, research that considers just the three
SES variables of education, occupation, and income is
often deemed insufficient in the use of statistical controls
(Dickinson & Adelson, 2014; Williams & Mohammed,
2013). How data are collected for measuring these three
variables is often not consistent across research studies
(Cowan et al., 2012). It is now widely understood that
many more factors affect intervention outcomes (e.g.,
Adams & Beeble, 2019; Park et al., 2021; Rollè et al.,
2019). It is important to know if all the subgroups in any
target audience are fairly represented and which factors
might be associated with specific outcomes (Deaton &
Cartwright, 2018). Simply stated, poverty exacerbates the
effects of race and age and education.
Maternal Race/Ethnicity
Deng and colleagues (2022) assessed the impact of
race/ethnicity on follow-up outcomes and found nonHispanic black mothers with the lowest rate of follow-up
for screening and non-Hispanic black and American
Indian/Alaska Natives with the lowest rates of diagnostic
outcomes. We found no significant difference for
screening outcomes; however, our diagnostic outcomes
support the results of Deng et al. (2022). The CDC EHDI
HSFS guidance documents do not specifically address
the reasons why information about race/ethnicity is so
important. Providing respondents (e.g., hearing screeners
and oversight personnel) with more specific information
about the importance of demographic variables may
facilitate better data collection procedures and outcomes
(Avvisati, 2020; Williams-Roberts et al., 2018). Our
findings indicate that maternal race predicts diagnostic
follow-up outcomes. Specifically, Asian diagnostic followup outcomes are the highest for maternal race/ethnicity
while American Indian and Alaskan Native, followed by
Native Hawaiian and Pacific Islander, and then Black
Hispanic and Black Non-Hispanic are notably lower than
white. These results suggest that race or skin color plays a
role in diagnostic follow-up outcomes. Additional research
is needed to further delineate.
Reporting Sociodemographic Variables
The CDC identified one maternal demographic category
as race/ethnicity, which may cause some confusion. The
separation of these categories, and inclusion of more
ethnic categories than Hispanic versus non-Hispanic may

provide relevant data. The CDC practice of collecting
race and ethnicity as combined variables should be
reconsidered. It may also be important to note whether
race was self-identified by the mother or by the data
collector. Deng and colleagues (2018) suggest that many
states apparently do not consider these data essential for
appropriate and timely EHDI care, thus they apparently
are not considered critical from a reporter perspective.
This lack of data impedes research regarding the influence
of SDoH on EHDI outcomes (Deng et al., 2018). Deng
and colleagues (2018) concluded that the paucity of race/
ethnicity data reported for the three states they studied
necessitates an increased awareness and emphasis on
the importance of reporting demographic variables.
Despite clinical and research advances in hearing health,
there is mounting evidence of long-standing hearing health
disparities across the United States and its territories.
Disparities persist by skin color, ethnicity, household
income, and other sociodemographic variables among
young American children with hearing loss (e.g., Juarez
et al., 2020; Kingsbury et al., 2022; Lantos et al., 2020;
Mohapatra & Mohan, 2021). Therefore, race/skin color and
ethnicity should be considered as two distinct variables to
be disaggregated. These two variables should be included
with other sociodemographic variables collected and
analyzed in EHDI research. Identification of such critical
factors enables segmentation of subjects and improved
accuracy in interpretation of results that, in turn, can
facilitate improvement in the timely delivery of intervention
services (Orkin et al., 2021).
It is widely recognized that ethno-racial data collection is
both challenging and wanting in research studies within the
United States (Chaiya-chati et al., 2022; Davis & Jones,
2022; Kader et al., 2022; National Research Council,
2013; Rees et al., 2022). Federal research and regulatory
authorities as well as medical journals seek to increase
the number of people from underrepresented ethno-racial
populations in clinical research and to disaggregate that
ethno-racial data (Blumenthal & James, 2022; Chaiyachati et al., 2022; Davis & Jones, 2022). Even with the
recognition that many barriers exist, more agencies
and funding sources are necessitating an increase in
the inclusion of marginalized people as pertains to data
collection (Blumenthal & James, 2022). It behooves all
those involved with EHDI to develop consistent protocol for
equalizing the identification of ethno-racial demographics.
The United States has undergone enormous changes
since the advent of the 20th century, particularly those
marked by size and diversity (Cohn & Caumont, 2016).
Some sociodemographic variables, particularly those
having to do with race and ethnicity, are referred to as
real world data and considered predictors of a vast array
of outcomes in such Westernized democracies as the
United States (Concato et al., 2020; Tarver, 2021). Indeed,
whether self-identified or other-identified, race and ethnic
background should always be considered when analyzing
intervention outcomes to produce real-world evidence
(e.g., Chodankar, 2021; National Research Council, 2013;
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Valdez & Langellier, 2015). Although race and ethnicity
are often used interchangeably, it is critical that these two
social constructs be (a) disentangled and (b) included
in outcome findings (Kauh et al., 2021; Tarver, 2021). It
is also important that ethno-racial data be accurate and
complete; such detail can identify the nature and extent
of disparities in health care, target quality improvement
efforts, and monitor progress (Concato & Corrigan-Curay,
2022; National Research Council, 2013). This is vital if we
are to improve hearing health care for families and their
children with hearing loss.
Limitations
There are several limitations inherent in this study. First,
the original source of data used in this study was provided
via jurisdictional EHDI Information Systems (IS) in the
form of responses to the CDC HSFS questions. Some of
the EHDI IS are more sophisticated and robust than other
systems; however, the details regarding the characteristics
of various EHDI IS are not publicly available. All analyses
were conducted on the entire data sets available for 2016,
2017, and 2018 as reported by individual jurisdictions
and are thus subject to a wide variety of different
tracking, reporting, and other surveillance methodology
and may have different population characteristics and
conventions. The data is incomplete in that not all states
participated in data collection. The reliability and validity
and completeness of the parental ethno-racial identities
are unknown, subject to response-bias, and may differ
between hospitals as well as jurisdictions. Furthermore,
some non-respondent demographic characteristics were
unavailable, potentially introducing sampling variance. We
previously described the limitations of the CDC data in
terms of quality, incomplete data, and risk for participation
and nonresponse bias.
Implications for Future Research, Policy, and Practice
The results of this study are consistent with the findings
of previous studies regarding hearing screening follow-up
and diagnostic audiologic follow-up outcomes. Depending
on the sociodemographic profile of pregnant mothers,
researchers can better understand one sociodemographic
factor with respect to another, thus improving the
effectiveness of EHDI efforts. Further exploratory research
examining LTF/D variables may provide additional insight
into SDoH variables contributing to difference in screening
and diagnostic follow-up outcomes. Suggestions to
improve the effectiveness of EHDI efforts include the
following:
• Developing more specific data collection protocol/
procedures and guidelines for the CDC EHDI
HSFS that will be consistently implemented
across all 50 of the United States and American
territories.
• Implementing a nationwide training program
pertaining to the need for consistent and
standardized reporting of sociodemographic
variables; this training program will include EHDI
coordinators, pediatric audiologists, hearing

screeners, and hospital employees involved with
data collection.
• Broadening the data collection protocol so
that service providers attain an improved
understanding of each family’s social landscape
(e.g., number of children in the household,
additional medical/developmental problems within
the family, or transportation issues).
• Development of specific sociodemographic profiles
could permit some mothers and their newborns
to be red-flagged for more intensive follow-up or
personalized attention.
• Linking child level data to disaggregated
sociodemographic variables in future research to
allow for better analysis and interpretation (e.g.,
exploring the LTF/D reasons relative to race/
ethnicity to improve the identification of at-risk
groups.
• Implementing an intervention protocol that is
holistic in nature, targeting at-risk groups to further
minimize LTF/D.
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Abstract
This study explores the knowledge and perceptions of the newborn hearing screening (NBHS) program from the perspective
of nurses and nursing support staff. Registered nurses and nursing support staff (N = 84) completed a digitally administered
survey that queried their understanding of JCIH guidelines, perceptions around NBHS administration, and parental anxiety.
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For more than twenty years, screening newborns for
permanent hearing loss has become a standard of practice
in perinatal care in the United States. In 1999, the Centers
for Disease Control and Prevention estimated that 45%
of newborns were screened for hearing loss (Centers
for Disease Control and Prevention [CDC], 2010). As of
2019, 97.9% of newborns were screened before hospital
discharge (CDC, 2021). Currently, at least 45 states,
including Puerto Rico and the District of Columbia require
all hospitals and birthing centers to screen infants for
hearing loss prior to discharge (National Conference
of State Legislatures [NCSL], 2021). Most states either
mandate insurance providers to cover the cost of the
screenings or use state funding to provide the necessary
monies to identify newborns at risk for developmental
speech, language, and cognitive issues (NCSL, 2021).
Although screening rates have grown substantially in the
two decades since the 1999 position statement from the
American Academy of Pediatrics (AAP), a strong screening
program is reliant on consistent administration and access
to follow-up resources for those in need.
The responsibility of administering the initial newborn
hearing screen (NBHS) is not allocated to a singular
professional. Across the United States, technicians,
audiologists, perinatal nurses, and unlicensed nursing
support staff often shoulder the responsibility to administer
the screening tests, as well as informing the parents of the

results. In many settings, the responsibility of screening for
hearing loss falls into the scope of practice and practice
purview of perinatal nurses and nursing support staff
(Ravi et al., 2018). However, birthing hospitals and other
neonatal institutions may not provide any formal training or
education on how to perform the tests, proper techniques,
or explanation of results. This can lead to high rates of
inter-rater error among those personnel performing the
screening. Furthermore, it is often the responsibility of the
nurse or nursing support staff (including nursing students)
to provide the parents with the results of the screen.
To date, there are few studies that assess the knowledge
of and sentiment toward NBHS programs from a
screener’s perspective. Ravi et al. (2018) conducted a
systematic review analyzing knowledge and attitudes
toward NBHS programs worldwide and found that, in
most studies, there was a lack of understanding around
NBHS by healthcare providers, though it was not
directed exclusively at screening providers. There was
a lack of understanding regarding etiology of permanent
hearing losses, state regulations, and current practices
in executing the screening. Ravi et al. further note that
between 43% to 78% of healthcare providers feel as if they
require additional training on NBHS.
Despite nurses being one of the primary providers of
the NBHS in birthing hospitals and centers, there is little
evidence assessing the perception of NBHS programs
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among them. Roberts and Jones (2017) conducted
a survey of 15 nursing professionals to evaluate their
perceptions of the NBHS program prior to completing
a training provided by the National Center for Hearing
Assessment and Management (NCHAM). The pre-training
survey responses suggest that participants felt as though
their initial training did not adequately prepare them to
complete NBHS procedures using the most up-to-date
practices. The study noted discomfort surrounding testing
equipment and documenting the results of the screening.
Importantly, this study found that the NCHAM training
improved the participants’ survey responses, indicating
a perceived improvement in comfort around the NBHS.
Jones et al. (2018) expanded upon these concerns by
assessing whether NBHS training in nursing school would
increase comfort among nurses. The study found that
following training, perceived comfort around the NBHS
significantly increased. However, after five months, this
perceived comfort decreased significantly, indicating the
need for continued education around the NBHS program.
The survey designed by Roberts and Jones (2017) was
modified to design the survey used for this study. The
specific goals of this study were to (a) evaluate maternal
newborn/perinatal nurses’ and support staff knowledge
related to NBHS programs, (b) understand the attitudes
and perceptions of those who deliver NBHS services, and
(c) determine areas of further education for this population.
Method
This study targets the knowledge and perceptions of
nurses and nursing support staff members who administer
newborn hearing screenings. To accomplish this, an
invitation to participate in a 20-item survey was circulated
to those who provide newborn hearing screening services
via email request to perinatal clinical educators at a
large five-institution health system and to members of
Association of Women’s Health, Obstetrics and Neonatal
Nurses (AWHONN). The AWHONN was selected due to
its potential ability to reach a wide variety of professionals
who provide newborn hearing screening services. The
health systems was used due to its affiliations with
the university, thereby producing a higher likelihood of
responses. To qualify for this study, participants must have
self-identified as a nurse or nurse support staff who directly
administers a newborn hearing screening at a birthing
center. The survey was administered using Qualtrics
Survey software. Those who accepted the invitation to
participate were required to provide their consent prior
to initiating the survey. This study was supported by
the Institutional Review Board (IRB). No incentive was
provided for completing this survey.
Survey Development
The survey for this study was developed through a
modification of the survey administered to nurses by
Roberts and Jones (2017) and to nursing students by
Jones et al. (2018). Specifically, the survey from Roberts
and Jones was modified to add questions that reflect on
the participants’ sentiments toward the newborn hearing

screening (e.g., “In your opinion, how important is it to
screen all children for hearing loss?”), perceptions on the
impact of the screening on parental anxiety (e.g., “Do you
believe that newborn hearing screenings cause excessive
anxiety and/or concern for parents?”), and general
knowledge (e.g., “Does your state have a newborn hearing
screening program?”). Questions reflecting on participants’
perceptions were assessed using a five-point Likert scale.
Additionally, general knowledge questions were scored
using forced-choice responses. A full copy of the survey
can be found in Appendix A.
Analysis
All survey data were analyzed using R statistical software
(R Core Team, 2021). Descriptive statistics were used to
calculate means and standard deviations for all Likertscale data. Questions regarding participants’ knowledge
related to the JCIH (2019) 1-3-6 guidelines were measured
using one-sample t-tests with each mu value set to a JCIH
recommended timeframe. For example, when analyzing at
what age participants believe a newborn should receive a
formal diagnosis, the mu value was set to 3 to reflect the
JCIH recommendation of receiving a formal diagnosis by
three months of age. Further t-tests were used to assess
whether participants experience a difference in comfort
between screening instrumentation (automated auditory
brainstem response measurement [AABR] vs. otoacoustic
emission [OAE] screening) and documenting passing vs.
referring outcomes.
Sullivan and Artino (2013) and de Winter and Dodou
(2010) provided a rationale for the use of t tests for
pairwise comparisons of Likert-scale data. Reasons
supporting the use of t tests included that parametric
tests such as t tests are generally more robust than nonparametric tests even when statistical assumptions (e.g., a
normal distribution of data) are violated. Parametric tests
are also robust enough to yield unbiased answers when
analyzing Likert-scale responses or ordinal data (Sullivan
& Artino, 2013). For five-point Likert items, the t tests
(i.e., parametric test) and Mann-Whitney-Wilcoxon (i.e.,
non-parametric test) have equivalent power for pairwise
comparisons (de Winter & Dodou, 2010). Moreover, using
non-parametric methods can result in a loss of information
when Likert-scale responses with high response rates are
analyzed (Mircioiu & Atkinson, 2017).
Results
A total of 84 participants (81 licensed nurses and 3 nursing
support staff) participated in this survey. However, not all
participants responded to every question. The number
of responses are indicated with each analysis. Table
1 highlights the demographic distribution of the study
population. Most respondents were female-identifying
licensed nurses between the ages of 35 and 44 who have
been practicing for ten years or greater.
Sentiment Toward NBHS
Of the 82 respondents who completed questions relative
to the sentiment toward NBHS, 11% (9/82) had completed
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Table 1
Demographic Characteristics of Participants
Characteristic

Frequency

Percentage

Age
18–24

5

6.0%

25–34

18

21.4%

35–44

22

26.2%

45–54

20

23.8%

55–64

17

20.2%

65–75

2

2.4%

83

98.8%

1

1.2%

81

96.43%

3

3.57%

Employed Full
Time

57

67.86%

Employed Part
Time

27

32.14%

1–3 years

7

8.33%

4–7 years

9

10.71%

8–10 years

6

7.14%

> 10 years

62

73.81%

Gender
Female/Woman
Male/Man
Licensure
Licensed Nurse
Nursing Aid/
Support Staff
Employment Status

Employment Length

the NCHAM NBHS Training Program, while 89% (73/82)
had not. Over 86% of participants (71/82) viewed the
importance of the NBHS program as either very or
extremely important. When queried if they knew whether
their state mandated newborn hearing screening, 85%
(70/82) stated that yes, their state mandated hearing
screenings for newborns, with 15% (12/82) stating
that they were unsure. Additionally, sentiment among
respondents suggested that they perceived the NBHS to
be a relatively low-stress procedure for parents. Nearly
three quarters (74.4% [61/82]) of respondents felt that
the NBHS did not cause stress/anxiety to parents of
newborns. Additionally, 77.6% (59/76) reported being
either somewhat or extremely comfortable communicating
the results of the newborn hearing screening to parents.
Knowledge of JCIH 1-3-6 Guidelines
When queried on the optimal time to wait to rescreen a
newborn that fails the initial NBHS, 69% of respondents
believe that the ideal wait time is between 12 and 24 hours.
Figure 1 illustrates the density of responses to this question.
Participants were asked at what age (in months) was an
appropriate time to rescreen in the event of a failed NBHS at
the birthplace. 64.4% of participants indicated that 1 month
was the appropriate age, 15.8% of participants indicated
three months was an appropriate age, 10.5% stated that two
months was the appropriate time, and the remaining 5.25%
said four months or later was an appropriate age. When
asked by what age would it be appropriate to diagnose a
hearing loss, only 26.3% of participants reported that three
months of age (the recommended age by the JCIH) would

Figure 1
Density of Participant Responses When Asked the Optimal Time to Rescreen a Newborn who Fails Their Initial Hearing
Screen
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be an appropriate age. Almost 60% of participants (59.7%)
stated an age higher than three months and 14.3% believed
the age to be lower.
Participants appeared to vary in their responses
when queried about the appropriate timeline for
intervention. When asked about their perception of the
appropriate time to fit a child with hearing aids, 31.6%
of participants (18/57) answered six months, which
aligns with the JCIH recommendations. This answer
was the most concentrated of the responses, though
the highest percentage of respondents (38.6% [22/57])
believed that newborns should be fit with hearing aids
earlier than six months. When queried regarding the
recommended age to enroll in early intervention (EI)
services, 31.6% of participants (18/57) again indicated
that the recommended age was enrollment by six months
of age. As with hearing aids, this response had the
highest concentration of respondents, but the majority of
respondents (47.4%) believed that the recommended age
of EI enrollment is before six months.
One-sample t-tests were used to compare the knowledge
of the study group to the JCIH’s recommendations of
screening by one month, diagnosing by three months,
and treating by six months. The mean estimated age
of rescreening after referring from the birth center by

respondents was 1.69 months, significantly higher than
the recommended one month (t(61) = 5.408, p < .005).
Respondents estimated that the recommended age for
diagnosis of hearing loss was 5.49 months, significantly
higher than the recommended three months (t(69) =
5.701, p < .001). Estimates for treatment were divided
into estimated age for early intervention enrollment (M =
5.44 months) and hearing aid fitting (M = 6.33), neither
of which were significantly different from the JCIH’s
recommendation of treatment by six months of age.
Individual responses are visualized on Figure 2.
Education Preparation
Respondents’ opinions were divided as to whether
their educational training prepared them to conduct
newborn hearing screenings. Thirty-four percent (26/76)
indicated that their educational training prepared them
either very or extremely well, while 30% (23/76) felt
that their training prepared them only slightly well or not
well at all. Respondents largely felt that their education
training helped prepare them to use the equipment for
administering NBHS, with 67% (51/76) reporting that they
felt adequately trained to use the equipment. Despite
their comfort, 78% (59/76) expressed interest in future
trainings related to NBHS procedures.

Figure 2

Participant Responses When Asked for the Optimal Age (in Months) to Rescreen, Diagnose (dx), Treat with Hearing Aids
(ha), and Enroll in Intervention (EI)
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Administration Comfort
Figure 3 illustrates the perceived comfort levels related to
administering the newborn hearing screening, including
interpreting the results, documenting both pass and referrals,
and informing parents of the results of the screening.
Overall, 78% (60/77) of respondents classified their comfort
level administering the newborn hearing screening as either
somewhat or extremely comfortable. Seventy-seven percent
(59/77) of respondents were either somewhat or extremely

comfortable interpreting the results of the screening once
administered, and 78% (60/77) of respondents were either
somewhat or extremely comfortable relaying the results to
parents. Informing parents of the results of the screening
appeared to be the area of highest discomfort, with 16%
(12/77) noting that they were either somewhat or extremely
uncomfortable. Respondents perceived the NBHS to have
little impact on the stress of parents, with 75% (62/83)
indicating that they do not believe that the NBHS creates
anxiety to parents of newborns.

Figure 3

Likert Responses Highlighting Participants’ Comfort Levels Regarding (a) The NBHS Administration in General, (b)
Informing Parents of Screening Results, and (c) Interpreting the Results of the Screen

Perceptions of Documentation
When asked about their comfort documenting results of a
passing NBHS, 93% of respondents stated that they felt
either somewhat or extremely comfortable completing the
necessary documentation. In contrast, 80% of participants
were somewhat or extremely comfortable documenting
the results of a NBHS in which the individual referred. This
difference is statistically significant (t(125.18) = 4.12, p <
.001).
Instrumentation Comfort
Participants were asked to rank their comfort using an
automated auditory brainstem response (AABR) screening
device and otoacoustic emissions (OAE) screening

device on a scale of 1 (Not at All Comfortable) to 5 (Very
Comfortable). More than three quarters of respondents
(77.6%; 59/76) indicated that they were either somewhat
or extremely comfortable using an AABR system
compared to the 30% (21/70) of respondents who felt
similarly about the OAE system. Only 18.4% (14/76) felt
uncomfortable using an AABR to conduct screenings,
while 44.3% were uncomfortable using an OAE machine
to conduct screenings. Overall, participants perceived
themselves as significantly more comfortable using AABRs
to conduct NBHS procedures compared to OAE devices
(t(141.39) = 5.624, p < .001). The distribution of responses
can be found in Figure 4.
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Figure 4

Perceived Comfort Between Use of Automated Auditory Brainstem Response (AABR) and Otoacoustic Emissions (OAE)
to Screen for Hearing Loss

Discussion
The goal of this study was to gain greater insight into the
perception of the newborn hearing screening program
directly from those who administer the screening. To
achieve this goal, this study assessed (a) the general
knowledge of those who administer newborn hearing
screening, (b) the perceptions around the NBHS
procedures, and (c) whether there is interest in further
education around NBHS in the population that administers
these screenings.
NBHS Knowledge
The findings from this study suggest that participants,
while generally comfortable with newborn hearing
screening techniques, may benefit from education around
the policies and procedures that guide NBHS programs in
the United States. Fifteen percent of participants surveyed
were unsure if their state mandated a NBHS screening.
This finding is not entirely new, as Ravi et al. (2017) cite
state regulations as a gap in knowledge among healthcare
providers in their systematic review. However, the study
that Ravi et al. cited assessed physician sentiment toward
NBHS prior to the 1999 recommendation from the AAP
(Wall et al., 2006). Since that time, providers seem to be
more cognizant of state-level mandates around NBHS,
with 85% of this study’s population accurately indicating
that their state (Pennsylvania) mandates the screening.

Presently, 43 of the 50 states in the United States have
either statutes or regulations that mandate a NBHS
(NCHAM, 2021).
The participants’ knowledge regarding the JCIH’s 1-3-6
guidelines in this study is somewhat similar to previously
documented studies. Ravi et al. (2017) found that roughly
67% of pediatricians were aware of the 1-3-6 guidelines
from the JCIH, though the pediatricians surveyed were
based in India. Danhauer et al. (2009) surveyed Americabased pediatricians and found that they demonstrated
a fair to moderate amount of familiarity with the 1-3-6
guidelines, with the most respondents (86.7%) familiar
with the one-month screening guidance. Interestingly,
this study found statistically significant differences in the
participants’ responses from the JCIH recommended
ages for rescreening and age of diagnosis, but not age of
interventions. This differs from Danhauer et al., who found
that the fewest number of respondents (63.6%) were able
to correctly identify the age of intervention at six months.
Attitude and Perceptions of NBHS
Our study finds that 86% of respondents found the
NBHS program to be an important aspect of the newborn
screening process. This finding aligns with findings
by Moeller et al. (2006), who surveyed primary care
physicians’ attitudes toward the NBHS program and found
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that 81% of physicians supported the program. Although
Moeller et al. surveyed physicians, there is little evidence
regarding the perception of the NBHS program among
those who carry out the screening services. To that end,
our study adds to the literature, indicating that sentiment
toward the program among nurses and nurse-support staff
is similar, if not higher, than primary care providers.
In terms of administration and documentation comfort and
their relationship to educational training, this study found
that many nurses surveyed felt well-educated on the use
of the NBHS instrumentation used by their institution.
Although most of the study participants reported high
comfort levels performing the newborn screening tests and
reporting the results to the parents, many perinatal nurses
and nursing support staff remain below optimal comfort
levels with performing the screening tests and reporting
the results to parents. This further supports the need for
nursing and nurse-support staff education on reporting
findings to parents.
Of particular significance is the low percentage of those
surveyed who perceived that their formal education was
useful in conducting NBHS procedures. This finding aligns
with the findings by Roberts and Jones (2017), who also
found that nurses felt that they were not adequately trained
on NBHS procedures. In addition to lack of education
about the procedures in general, Roberts and Jones found
that nurses felt that they were not trained to use the most
up-to-date equipment. Interestingly, our study negates
this finding, instead finding that most participants felt
well-trained to use the most up-to-date equipment. When
asked about the specific tools used to screen, there was
a statistically significant difference between equipment
comfort, with more respondents comfortable using AABR
as a screening tool compared to an OAE machine.
The results of this survey suggest the need for perinatal
nurses and support staff continuing education about
screening procedures, test validity, and reporting results
to parents. According to Moeller et al. (2006), there is
considerable evidence that newborn hearing screening
tests are accurate and that most experts and physicians
believe in the value of such screening. Beliefs about the
importance of newborn hearing screening may be linked
to nurses’ clear understanding of the consequences for
newborns with hearing loss on speech development,
language acquisition, and learning. A clear understanding
that even minimal hearing loss has consequences for the
development of speech and language will put nurses in
a better position to guide families in providing effective
counseling relative to screenings. Specifically, nurses and
other newborn hearing screening administrators should
be effectively educated on the importance of counseling
parents and caregivers on the implications and limitations
of screening, while providing beneficial referral information
in the event of a referral.
Interest in Future Education
Respondents overwhelmingly indicated that they would
largely be interested in future educational opportunities

related to newborn hearing screening practices and
guidelines. Designing such programs must be considered
carefully to optimize practical learning for these individuals.
For example, Moeller et al. (2006) found that though
51.7% of physicians reported using the Internet to access
medical information, very few indicated that they used
Internet-based resources to research topics related to
newborn hearing screening. The authors postulate that the
physicians surveyed may not have been knowledgeable
about these resources, but resource accessibility may
not be the only barrier. Continuing education presented
in the form of print documents tends to only have a slight
effect on medical decision-making (Giguère et al., 2020).
Therefore, it may be prudent for future research to design
interactive educational opportunities for newborn hearing
screening providers to optimize learning opportunities.
Limitations and Future Directions
Attitudes, not just knowledge, are paramount to promote
changes in health care practices. Perceptions regarding
comfort level in administration and documentation, as
well as educational preparation were important aspects
of this study to elucidate the need for further research
and education on NBHS, though there are several
limitations that should be noted in interpreting results. In
this study, nursing personnel and support staff felt much
more comfortable using the AABR machine versus the
OAE machine. However, the primary tool to conduct
newborn hearing screens in the area surveyed is AABR.
Participants may have felt significantly less comfortable
with OAEs because they simply use AABR machines more
often for newborn screenings. Additionally, as reported in
Moeller et al. (2006), participants may have become aware
of areas that they lack knowledge in as they completed
this survey. This awareness may have biased their later
responses.
Although this study adds to the existing literature by
further exploring perceptions and attitudes of nurses who
administer newborn hearing screenings, future research
is essential for this group. Moving forward, research may
wish to direct a lens toward nursing education, including
the incorporation of undergraduate nursing student
knowledge, comfort, and perceptions of NBHS. According
to Jones et al. (2018), nursing students who completed
the NCHAM NBHS Training Program showed significantly
higher comfort and knowledge levels performing the
screenings and documenting and reporting the results.
Their study further found that regular follow-up training
was required to be comfortable with NBHS policies and
procedures, akin to the recommended guidelines for CPR
training.
Conclusions
The purpose of this study was to evaluate the knowledge
and perceptions of the newborn hearing screening
program from those who directly administer the screening,
specifically nurses and nursing support staff. The study
found that perceptions from this sample population are
generally very favorable around the NBHS program,
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and that those who administer the screening perceive
themselves as quite proficient in the knowledge and skills
required to execute the screening. Participants also find
the screening as a low-stress procedure for both screeners
and parents of newborns. Areas of further development
in this population include training on documentation,
particularly when a newborn does not pass their initial
screen, as well as further training on the JCIH 1-3-6
guidelines around the timing of screenings and subsequent
follow-ups.
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Appendix A
Newborn Hearing Screening Survey
Please select the age range that aligns to your age.

o Under 18
o 18–24
o 25–34
o 35–44
o 45–54

o 55–64
o 65–74
o 75–84
o 85 or older

o I am a licensed nurse
o I am a nursing aid or support staff

o I am a student

o Employed full time
o Employed part time
o Unemployed looking for work

o Unemployed not looking for work
o Retired
o Student

o Male
o Female

o Non-binary
o Other

o 0–1 years
o 1–3 years
o 4–7 years

o 8–10 years
o 10 + years
o I am currently a student

Which of these best applies to you

Which of the following best describes your employment status?

Please select the gender that you identify, or most closely identify, as:

How many years have you been a practicing clinician?

In which unit do you most commonly work?

________________________________________________________________
Have you completed the Newborn Hearing Screening Training Curriculum from the National Center for
Hearing Assessment and Management (NCHAM)?

o Yes - I have completed the NCHAM Newborn Hearing Screening Training Curriculum
o No - I have not completed the NCHAM Newborn Hearing Screening Training Curriculum
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Appendix A (contd.)
Does your state have a newborn hearing screening program?

o Yes
o No

o Unsure

o Yes
o No

o Unsure

o Yes

o No

Do you believe that newborn hearing screenings cause excessive anxiety and/or concern for parents?

Do you think your training has prepared you to complete the newborn hearing screening using the most
up to date equipment?

How well do you feel that your educational training prepared you concerning the newborn hearing
screening?

o Extremely well
o Very well
o Moderately well

o Slightly well
o Not well at all

In your opinion, how important is it to screen all children for hearing loss?

o Extremely important
o Very important
o Moderately important

o Slightly important
o Not at all important

In your opinion, at what age (in months) should...
1
3

o Ascreening
newborn not passing the initial hearing
receive an additional

6

8

11

13

16

18

screening?

o Ahaving
child be definitively diagnosed as
a permanent hearing loss?
o A child begin to wear hearing aids?
o Areferred
child with permanent hearing loss be
to early intervention?
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Appendix A (contd.)

Please rate your overall comfort with administering a newborn hearing screen

o Extremely comfortable
o Very comfortable
o Moderately comfortable

o Slightly comfortable
o Not at all comfortable

Please rate your comfort level using the following screening equipment
Extremely
comfortable

Somewhat
comfortable

Neither
comfortable nor
uncomfortable

Somewhat
uncomfortable

Extremely
uncomfortable

(A)ABR (Automated)
Auditory
Brainstem
Response
Equipment
OAE Otoacoustic
Emission
Testing
Equipment
How comfortable are you in interpreting the results of the newborn hearing screening?

o Extremely comfortable
o Somewhat comfortable
o Neither comfortable nor uncomfortable

o Somewhat uncomfortable
o Extremely uncomfortable

If your newborn refers on their initial screening, how comfortable do you feel documenting the result?

o Extremely comfortable
o Somewhat comfortable
o Neither comfortable nor uncomfortable

o Somewhat uncomfortable
o Extremely uncomfortable

If your newborn refers on their initial screening, how long should you wait to re-screen?

o Less than six hours
o Between 6–12 hours

o Between 12–24 hours
o Greater than 24 hours
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Appendix A (contd.)
If your newborn has a passing result, how comfortable do you feel documenting the result?

o Extremely comfortable
o Somewhat comfortable
o Neither comfortable nor uncomfortable

o Somewhat uncomfortable
o Extremely uncomfortable

How comfortable are you in relaying information to parents who have questions about their child's
newborn hearing screening results?

o Extremely comfortable
o Somewhat comfortable
o Neither comfortable nor uncomfortable

o Somewhat uncomfortable
o Extremely uncomfortable

Would you be interested in further information and/or training related to newborn hearing screenings?

o Yes
o No
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Abstract
Enhancing parent language interactions with children beginning in infancy is important because it results in better
language abilities, social skills, and academic outcomes in children. A number of researchers have suggested that parent
language interactions with children could be enhanced by giving parents feedback about their language interactions using
the Language ENvironment Analysis (LENA) system. The LENA system records communication exchanges between
a child and the adult caregiver and provides an automated analysis of adult word count, child vocalization count, and
conversational turn count. We did a systematic review of the studies that investigated the use of LENA-based feedback
to enhance parent language interactions with children. Although most previous studies have concluded that LENA-based
feedback improves parental language interactions with children, methodological factors and confounding of treatment
components in almost all of these studies make it impossible to know whether quantitative feedback from interactions
recorded by the LENA system enhances parent language interactions with children. The designs and results of previous
studies are discussed to suggest how future research can better address this important issue.
Keywords: LENA-based feedback; systematic review; early intervention; children; deaf or hard of hearing
Acronyms: AWC = adult word count; CTC = conversational turn counts; CVC = Child Vocalization Count; DHH = deaf or
hard of hearing; NPC = non-parental caregiver; SES = socioeconomic status
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Parents1 are almost always their children’s first
language teachers and play an important role during
early childhood, a critical period for speech and
language development. A large body of literature
supports the significant role of parent-child interactions
in the development of spoken language and social
communication abilities in children. Roberts and
Kaiser (2011) suggested four aspects of parent-child
communication interactions that are important for
language development in children: (a) the amount of
parent-child interaction (e.g., conversations, joint attention
activities); (b) responsiveness to child communication
(e.g., parents’ verbal and nonverbal responses to the
child’s communication attempts, eye contact, and play);
(c) quality of language input (e.g., the diversity of words
and complexity of linguistic structures that parents use
when talking to their child); and (d) the use of language
stimulation strategies (e.g., imitation, expanding and
1

The word parent will be used to include all adult caregivers of the child in
the home environment.

recasting children’s communicative attempts, listening
and spoken language strategies). Other researchers
have shown a strong positive relationship between
children’s vocabulary size and the amount and quality
of their exposure to parentese (Conway et al., 2018;
Guralnick et al., 2008; Hirsh-Pasek et al., 2015; Rowe,
2012; Weisleder & Fernald, 2013; Zimmerman et al.,
2009). For example, Hirsh-Pasek et al. (2015) found that
children’s expressive language was positively correlated
(r = .34) with maternal words per minute and quality of
maternal input predicted 27% of the variance in children’s
expressive language. Conway et al. (2018) found that
intrusive or directive maternal behaviors (in contrast
to responsive expansion) were associated with poorer
receptive and expressive language outcomes at 36
months and 48 months. For example, each unsuccessful
directive was associated with an estimated 0.37 SD lower
receptive language score at 36 months (95% CI = −0.69,
−0.04) and 0.66 SD lower score at 48 months of age (95%
CI = −0.99, −0.33).
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The early language environment of a child’s life not only
shapes their language development but also predicts
academic success, cognitive outcomes, and social skills
(Huttenlocher et al., 1991, 2007, 2010; Leffel & Suskind,
2013; Pan et al., 2005; Tamis-Lemonda et al., 1998; Tomblin
et al., 2020). For example, Pan et al. (2005) showed that at
24 and 36 months of age, a child whose mother scored at
the 90th percentile on the language and literacy composite
produced about 15 more word-types than a child whose
mother scored at the 10th percentile. According to Tomblin
et al. (2020), children’s oral language ability at 5 years
predicted 35% to 47% of the variance in reading outcomes
at 8 years of age in children with typical hearing.
Children with developmental or intellectual disabilities,
those who are deaf or hard of hearing (DHH), and children
from families with lower socioeconomic status (SES) are
at an increased risk for delays in language development
(Campbell et al., 2003; DesJardin & Eisenberg, 2007;
Fernald et al., 2013; Leffel & Suskind, 2013; Pace et al.,
2017; Suskind et al., 2016). For example, Campbell and
colleagues reported that with low maternal education
as a risk factor, the odds-ratio of having a speech delay
in 3-year-old children was 2.58. Fernald et al. (2013)
demonstrated that by 24 months of age, children from
higher SES backgrounds produced an average of 150
more words compared to children from lower SES
families and this difference in expressive vocabulary
was statistically significant as early as 18 months of age.
Furthermore, reduced quantity and quality of parental
linguistic input can be a reciprocal result of children’s
poor communication ability (Suskind et al., 2013). For
example, as reported by VanDam et al. (2012), language
ability in children who were DHH, was positively correlated
with the number of conversational turns between parents
and children (r = .62, p < .01) whereas both adult word
count (AWC) and conversational turn counts (CTC) was
associated with children’s pure tone thresholds (rAWC =
−.54, p < .01; rCTC = −.47, p < .03) and Speech Intelligibility
Index or speech audibility (rAWC = .56, p < .01; rCTC = .66, p <
.01). Additionally, Rufsvold et al. (2018) reported that while
the degree of hearing loss did not significantly influence
the quantity of adult input, the latter was associated with
demographic variables such as the child’s age (r = .38, p =
.025) and father education [F(6, 22) = 3.99, p = .008].
Researchers have shown that children who are DHH,
especially those who enroll for intervention after 2 years of
age, are typically delayed by 1.0 to 1.5 standard deviations
in language scores compared to their peers with typical
hearing (Moeller, 2000; Nott et al., 2009; Tomblin et al.,
2015; Yoshinaga-Itano, 2003), and mothers of children
who are DHH tend to talk less to their children (DesJardin
& Eisenberg, 2007; Suskind et al., 2013). Even children
that were DHH who were enrolled earlier in intervention
programs, performed in the low-average range relative to
peers with typical hearing. Therefore, it is not surprising
that most people agree that young children who are DHH
and are learning spoken language, need access to a
language-rich environment to support their development
(e.g., Glanemann et al., 2013; VanDam et al., 2012).

Parents are in the best position to create and maintain a
rich language environment during the critical language
learning period beginning in infancy. Evidence from
neuroscience research has also shown that language
stimulation in infancy results in significantly better language
outcomes and desirable neurophysiological changes in
the child’s brain, with these relationships being reciprocal
(Kuhl, 2010; Ramírez-Esparza et al., 2017a, 2017b; White
et al., 2013). Therefore, enrichment of the home language
environment is a crucial component of achieving successful
language outcomes for children who are DHH.
One method that has been suggested as a way of helping
parents improve the language environment for young
children is to provide the parents with feedback about
the frequency and quality of their language, using data
from the Language ENvironment Analysis (LENA) system
(Greenwood et al., 2018; Wang et al., 2017). The LENA
is a specialized audio-recording system worn by the child
in a vest. It captures and automatically analyzes audio
recordings on the number of words children use or are
exposed to, and the number of language interactions the
child engages in with adult caregivers. After a systematic
search, nine studies were found that included an
examination of whether providing LENA-based feedback
to parents about language interactions increases the
quantity and quality of their language input (Beecher &
Van Pay, 2019, 2020; Elmquist et al., 2020; Gilkerson et
al., 2017; Pae et al., 2016; Sacks et al., 2014; Suskind
et al., 2013, 2015, 2016; Zhang et al., 2015). Two other
studies (Hoffman et al., 2020; Ramírez et al., 2020) were
not included because the primary focus of these studies
was parent coaching/language intervention and LENA
recordings in these studies were made only 4 times over a
period of 18 months (Ramírez et al., 2020) and 12 months
(Hoffman et al., 2020).
Our long-term research goal is to determine whether
LENA-quantitative feedback enhances the quality and
quantity of parent-child language interaction in families of
children who are DHH. In this article, we first summarize
research on language outcomes in children who are DHH
to highlight the relevance of the measures generated by
the LENA system. Next, we present a systematic review
of existing research on the use of the LENA system to
provide feedback to parents about their verbal interactions
with their children as a way of increasing the frequency
and quality of those interactions. We discuss the results,
strengths, and limitations of existing studies on this topic
in families of young children with and without hearing loss.
In conclusion, we offer an evidence-based framework for
future studies to investigate the efficacy of using LENA
data to provide feedback about the language environment
to parents of children who are DHH.
Summary of Language Outcomes in Children who are
DHH and the Role of Parent Input
Even though children who are DHH are being identified
and provided with intervention earlier and earlier
(White, 2014), recent research has shown that most of
these children continue to exhibit delays in language
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development compared to their peers with typical hearing.
For example, a series of population-based studies from
three states of Australia investigated the longitudinal
outcomes of children who were DHH (Ching et al., 2010,
2013, 2018; Ching & Dillon, 2013). These researchers
found that children who were DHH (even those with mild
hearing loss) lagged behind their peers by an average of at
least 1.0 SD and had difficulty learning new words. Tomblin
et al. (2015) examined the language outcomes of 2-yearold children with mild to severe hearing loss and found
that on average, when fit with hearing devices later than
12 months of age, these children had spoken language
scores approximately 1.0 SD lower than their chronological
age and SES matched peers with typical hearing. Even
those children who were fit with hearing devices before
12 months of age averaged about .5 SD lower than their
peers with typical hearing on language outcomes.
Substantial empirical evidence supports that children
who are DHH need increased exposure to language and
parental talk compared to their normal hearing peers to
reach developmentally appropriate linguistic outcomes
(Ambrose et al., 2014; Aragon & Yoshinaga-Itano, 2012;
Caskey & Vohr, 2013; Charrón et al., 2016; Tomblin et
al., 2020; Wiggin et al., 2012). Using LENA technology,
Ambrose et al. (2014) examined how adult word count,
adult-child conversational turn count, and electronic media
exposure at 6 months of age predicted communication
outcomes in children who were DHH. Communication
outcomes were measured using the Mullen Scales of Early
Learning (Mullen, 1995) at 2 years and the Comprehensive
Assessment of Spoken Language (Carrow-Woolfolk, 1999)
at 3 years of age. Positive correlations were found between
conversational turn count and children’s receptive and
expressive language outcomes at 2 years (r = .61, p < .01
and r = .45, p < .05, respectively) and composite language
at 3 years of age (r = .45, p < .05). Moeller and Tomblin
(2015) concluded there were three primary factors that
influenced childrens’ access to linguistic input: (a) access to
sound through the use of hearing technology; (b) duration
and consistent use of hearing devices; and, (c) the quantity
and quality of caregiver talk.
Research on parent-child interaction has shown that
parents of children who are DHH tend to talk less to their
children (e.g., use fewer utterances, fewer words, and
fewer variety of words) compared to parents of children
with typical hearing (Ambrose et al., 2015; Cross et al.,
1980; Nienhuys et al., 1985). Even when quantitative
differences were not observed in the communication
used by parents of children with and without hearing loss,
qualitative differences were evident in communication
ability. For example, in a large sample study of 156
children who were DHH and 59 children with typical
hearing, Ambrose et al. (2015) found that parents of 3
year old children who were DHH used significantly fewer
different words (Standardized Mean Difference Effect
Sizes [SMDES] = .59, p = .002), shorter utterances
(SMDES = .67, p < .001), and greater proportions of
directing utterances (SMDES = -.55, p = .002), compared
to parents of children with typical hearing. No significant

differences between the groups were observed in the
number of total utterances (SMDES = .02, p = .90) used
by parents. The authors concluded that it was the quality
of language input at 18 months, not quantity, that predicted
28.3% variance in children’s composite language scores at
3 years of age (p < .05).
Nienhuys et al. (1985) compared the communication
interactions between hearing mothers and their hearing
children (ages 2 years or 5 years) with eight hearing
mothers and their children who were DHH (age-matched
or linguistically matched with the control children). Results
revealed that mothers of children who were DHH used
language that was simpler in meaning and linguistic
structure than mothers of typically hearing children. These
findings suggest that parents may benefit from additional
support to provide an enriched language environment
to children who are DHH. Given the importance of a rich
auditory-verbal learning environment for children who are
DHH and developing spoken language, the LENA system
may be able to provide important information related
to children’s language environment that could promote
positive change in parental language behavior.
Language ENvironment Analysis (LENA) System
Overview
In response to research demonstrating the benefits of early
language enrichment, the LENA system was developed to
measure the spoken language and listening environment
(television, electronic sounds, noise, and silence) of infants
and young children (Ganek & Eriks-Brophy, 2018). The
LENA system consists of a digital language processor
and speech recognition software. It functions as a talk
pedometer. The small wearable recording device uses
low-power processors similar to hearing aids. The device
records for up to 16 hours and an automated speech
recognition cloud-based software is used to process the
data and provide information on three primary variables:
(a) Adult Word Count (AWC), words spoken to or near
the child by an adult; (b) Child Vocalization Count (CVC),
such as words, babbling, and single sounds; and (c)
Conversational Turn Count (CTC), adult-child alternations
when either the adult or child responds to each other within
5 seconds. In addition, the LENA system differentiates and
selects audio segments between meaningful speech and
non-speech or distant speech. To obtain these measures
the cloud processing system uses complex algorithms
trained to identify and differentiate adult versus child
speech, and tv/electronic noise. The algorithms can also
distinguish the (LENA user) child’s speech from other
children’s speech and from non-speech sounds (e.g.,
cries). The software uses speech sound frequencies and
the gaps between sounds and not the actual words spoken
to generate data reflecting the quantity of talk in the child’s
environment. The use of the LENA system has been
validated in five languages (www.lena.org).
The majority of published studies about the LENA system
have used it to quantify the language environment of
young children and to study associations between LENA
data and other factors such as SES and children’s
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language outcomes (reviewed in Greenwood et al.,
2018 and Wang et al., 2020). Although such studies are
valuable, the current article focuses on a different issue.
Specifically, those studies that have used LENA data to
provide feedback to parents with the aim of increasing
parental language quantity and quality. More recently,
studies have also evaluated the reliability and validity of
LENA generated classifications of speaker tags, nonspeech or distant speech, in comparison to classifications
generated from manual transcriptions (Bulgarelli &
Bergelson, 2019; Busch et al., 2018; Cristia et al., 2020;
Lehet et al., 2021). We do not review these studies here
given the scope of the present study which was limited
to those studies that used LENA data to provide parents
feedback about their child’s language environment.
Studies Using LENA-Based Feedback to Improve
Children’s Home Language Environment
To be included in this systematic review, articles needed to
address the efficacy of using LENA data to provide feedback
to parents of young children. Articles were limited to
populations of children with normal hearing or children who
were DHH. Articles were included in the study if they were
in peer-reviewed journals, written in English, and published
between January 1, 2010 (start year was selected based
on the earliest LENA publications in clinical populations as
reported in www.lena.org) and December 31, 2021.
Five databases were used to identify relevant articles
(APA Psychinfo, Pubmed, Medline, Cinhal complete, and
academic search ultimate via EBSCO host). The following
keywords were used: Language Environment Analysis,
LENA, LENA feedback, parent feedback, LENA-based
feedback, children. The database search was performed
by the first author. Article titles and abstracts were
reviewed and then authors discussed and resolved any
discrepancies in selected articles. Following article and
abstract review, a full text review was completed by the first
author followed by discussion to finalize article selection.
Included articles were analyzed to identify general
characteristics, methods, participants, and outcomes.
We found nine published studies (Table 1) that used the
LENA system to measure and give feedback to adult
caregivers as a significant part or all of efforts aimed at
improving the child’s language environment (Beecher &
Van Pay, 2019, 2020; Elmquist et al., 2020; Gilkerson et
al., 2017; Pae et al., 2016; Sacks et al., 2014; Suskind et
al., 2013, 2015, 2016; Zhang et al., 2015). Results of these
studies are discussed below. Importantly, only two of these
studies were done in families with children who were DHH
(Sacks et al., 2014; Suskind et al., 2016), with the remaining
conducted with families of children with normal hearing.
We have included a reference to the Beecher and Van Pay
(2020) quasi-experimental study which is from the same
project as Beecher and Van Pay (2019).
A stated goal of all studies was to investigate the effect
on the quality and quantity of parent-child language
interactions of LENA-based quantitative feedback. Some
of the studies explicitly recognized that LENA feedback

was being given in conjunction with additional parent
coaching activities by design (Beecher & Van Pay, 2020;
Elmquist et al., 2020; Gilkerson et al., 2017; Sacks et
al., 2014; Suskind et al., 2015, 2016), while others did
not (Pae et al., 2016; Suskind et al., 2013; Zhang et al.,
2015). This is an important point to which we will return
later. The goal of giving feedback generated by the LENA
system was to provide parents with information about
their existing quantity/quality of verbal interactions and
to encourage them to increase the quantity or improve
the quality of the interactions. Three studies randomly
assigned participants to experimental or control groups
(Gilkerson et al., 2017; Pae et al., 2016; Suskind et
al., 2015). The sample size, the total duration of LENA
recordings, the duration of the studies, and frequency and
nature of feedback varied across studies and is shown in
Table 2. In our description of each study below, we focus
only on LENA outcome variables relevant to our goal (i.e.,
AWC, CTC, CVC).
The first three studies summarized below reported no
statistically significant changes in the quality or quantity
of caregiver child language interactions following LENAbased feedback in families of young children with normal
hearing. Zhang et al. (2015) studied twenty-two 5- to
30-month-old children with typical hearing. Each family
was given a LENA system to complete weeky or biweekly recordings. Feedback was given (at monthly
workshops) to parents about their individual LENA AWC
and CTC scores as well as the average scores of other
families. Pre-post scores over a six month period for AWC
and CTC were used to determine if parents’ language
behavior had changed. For the full sample, although AWC
and CTC showed significant increases from baseline to
Month 1 and Month 3, the increase was not sustained and
returned to baseline levels by 6 months. Families who
were below the median at baseline increased more than
7,500 words per day (a 50% gain) from baseline through
the first recording that occurred post-feedback and
maintained the increase at 6 months significantly above
baseline by 3,000 words per day (20%). This finding is
indicative of regression to the mean and therefore may not
be good evidence that LENA feedback improves language
interactions. Given the lack of a control group, a modest
sample size, and the wide age-range of children, the need
for further research and replication was emphasized by
the authors.
Similar results were observed in children with typical
hearing by Pae et al. (2016) where ninety-nine families
were randomly assigned to either experimental (received
weekly LENA-based feedback, one workshop, monthly
guidance over the phone, story books at 6 months,
and an online book reading guide) or control group (no
feedback or support). No significant differences were
observed between groups on LENA measures (AWC,
CTC) at baseline and at post-test. Pae et al. (2016)
reported significant improvements in parent language
behavior (AWC) and CTC at 6 months for those families
who were below the 50th percentile at baseline (effect
sizes = .81 and 1.23 respectively, p < .01).
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Table 1
Summary of Studies Using LENA-Based Feedback as an Intervention Tool
SMDES
Author

Sample
size

Age at
recruitment
(months)

SES

Beecher
& Van
Pay
(2020)

56

0–30

Elmquist
et al.
(2020)

56

Gilkerson
et al.
(2017)

LENA recording

Duration

Location

AWC

CTC

CVC Design, population,
and home language

Overall study
quality for
evaluating
outcome
of LENA
feedback

Middle-High 1 per week,
Weekly
at least 9 recordings
over 13 weeks

13
weeks

At least
9/13 weekly
classes

.36#

.80#

.67#

Quasi-experimental
Comparison
NH
English

Satisfactory

1–36

Low-Mid

Weekly

13
weeks

Weekly
classes for
13 weeks

.20

.52

.59

Non-equivalent
group design
NH
English & Others

Satisfactory

72

9–21

Middle-High 16 hrs/week

Monthly

3
months

Online +
Phone

.53

.28

NR

Randomized
NH
English

Satisfactory

Pae et al.
(2016)

99

4–16

Middle-High 16 hrs/week

One workshop
and weekly
LENA reports
accessible at
home

6
months

Centerbased &
online

-.26

-.44

NR

Randomized
NH
Korean

Satisfactory

Suskind
et al.
(2016)

32

< 54

Low

16 total day-long
recordings

Weekly

10
weeks

Home visits

.20

-.14

NR

Quasi-experimental
DHH
English

Unsatisfactory

Suskind
et al.
(2015)

23

18–36

Low

10 total day-long
recordings

Weekly

8 weeks

Home visits

.47

.53

.56

Randomized
NH
English

Satisfactory

Zhang et
al. (2015)

22

5–30

High

Varied (from 3 daylong recordings first
10 days, 1/week, 1/
two weeks, 1/week)

Monthly

6
months

Centerbased

-.07

-.28

NR

Pre-Post
NH
Chinese

Unsatisfactory

Sacks et
al. (2014)

11

5–72

Low

5 total 16 hr.
recordings

One home visit +
3 phone sessions

NR

Home
visit + phone
sessions

.71

1.21

.84

Pre-Post
DHH
English/Spanish

Unsatisfactory

Suskind
et al.
(2013)

17

10–40

High

8 total recordings

One educational
session +
weekly LENA
feedback

6 weeks

Home-based

.62

.66

NR

Pre/Post
NH
English

Satisfactory

16-hr weekly
recordings, at least
12 over 13 weeks

Feedback
frequency

Note. LENA = Language ENvironment Analysis; SMDES = Standard Mean Difference Effect Size; #Cohen’s d as reported by the authors; AWC = Adult Word Count; CVC = Child
Vocalization Count; CTC = Conversational Turn Count; NR = not reported; NH = normal hearing; DHH = deaf or hard of hearing; SES = socioeconomic status as reported based on
parent education and income.
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Table 2
Brief Description of Intervention in Studies Using LENA-Feedback and Quality of Feedback for Interpreting LENA Use
Feedback quality rating
Author;

Frequency

Customized

Access

Average

Community-based parent education curriculum (LENA Start™) that included weekly LENA quantitative
feedback, a workbook, teacher-facilitated visual presentations, and videos on spoken language and
literacy stimulation activities and strategies. Positive reinforcement, encouragement, and help was
provided to participants to set goals in addition to weekly text message reminders to report the reading
duration (minutes) for the week.

1

1

1

1.00

Good

Elmquist et
al. (2020)
NH

Same parent education program as Beecher and Van Pay (2020): (LENA Start™) 13-week educational
program with 1-hour weekly sessions. The sessions included LENA quantitative feedback reports and
their interpretation, presentation, and video modeling of spoken language tips, shared story book reading,
use of songs and rhymes and sharing knowledge of children’s brain development. Age appropriate
reading book provided weekly.

1

1

1

1.00

Good

Gilkerson
et al.
(2017)
NH

Combined interventions that included web-based educational materials (print materials, webinars,
videos) and LENA feedback reports viewed using LENA software at home, discussion forums with
other parents, and coaching support by trained research staff online or by phone (minimum 1 session
to any number; encouraged to engage in three monthly coaching sessions for 3 months). Frequency of
feedback not consistent across participants and how often parents accessed materials not confirmed.

2

3

3

2.66

Unsatisfactory

Pae et
al. (2016)
NH

Video demonstrations, discussions, motivational talks during a single workshop. Individualized LENA
reports explained at workshop and weekly LENA reports were accessible to parents on their home
computers. Monthly phone calls for encouragement and checks. At 6th month, five story books and an
online book guide provided.

1

1

3

1.66

Satisfactory

Suskind et
al. (2016)
DHH

Caregiver focused language intervention curriculum + video modeling and analysis of learned behaviors
by caregivers + goal setting. Intervention provided by a certified early interventionist. In addition, LENA
quantitative data were provided. Each home visit was 1 hour long and was provided weekly (10 weeks).

1

1

1

1.00

Good

Suskind et
al. (2015)
NH

Caregiver focused language intervention curriculum + video modeling and analysis of learned
caregiver behaviors + goal setting. In addition, LENA quantitative data provided by early inteventionist
during eight weekly 1-hr home visits.

1

1

1

1.00

Good

Zhang et
al. (2015)
NH

Monthly 90 min feedback workshops (for 6 months) led by senior pediatrician and supported by
assistants. Included explanation of LENA reports individually while in a group + group feedback +
group discussions, advice, demonstation videos on enhancing home language environment.

2

1

1

1.33

Satisfactory

Sacks et
al. (2014)
DHH

Educational module developed by authors reviewed and LENA quantitative feedback charts provided
and discussed with parents by deaf educator during one 60-min home visit after two baseline
recordings and subsequently via phone sessions after each of three LENA recordings + goal setting.

2

1

2

1.66

Satisfactory

Suskind et
al. (2013)
NH

One-time language focused educational intervention for 1 hr that included LENA data interpretation
and goal setting guidance. Weekly LENA quantitative feedback provided for 6 weeks to non-parental
caregivers by trained graduate research assistants in the form of paper results with no active
discussion or goal setting guidance.

1

1

1

1

Population

Brief description of intervention

Beecher
& Van Pay
(2020)
NH

mode

Overall rating

Good

Note. LENA = Language ENvironment Analysis; NH = normal hearing; DHH = deaf or hard of hearing; 1 = Good; 2 = Satisfactory; 3 = Unsatisfactory.
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The effects of LENA-based feedback were also studied
by Gilkerson et al. (2017) in children 9 to 21 months of
age. AWC and CTC automatically analyzed by the LENA
system were posted each week by the researchers
on a website that parents in the treatment group were
encouraged to access and use to increase their AWC and
CTC scores during the next week. In addition, parents
in the treatment group were provided online educational
materials and coaching over the phone or online. Results
from parents in the treatment group, who also had
below average ratings at baseline on LENA measures,
demonstrated significant improvement on the same
measures at the end of two months (Mean differenceAWC
= 5.61, p = .01; Mean differenceCTC = 6.85, p = .003).
However, for the overall sample (N = 72), there were no
significant differences in language behaviors of parents
who received feedback versus parents who completed
LENA recordings, but received no feedback.
In a series of studies, Suskind and colleagues (Suskind
et al., 2013, 2015, 2016) showed gains in caregiver
language input when using LENA-based feedback and
parent coaching. The authors’ initial studies (Suskind et
al., 2013, 2015) included children with typical hearing
and the third study included families of children who
were DHH (Suskind et al., 2016). Suskind et al. (2013)
evaluated the feasibility and efficacy of using quantitative
linguistic feedback to influence adult language behavior
(i.e., increase in LENA AWC, CTC scores), and as a
consequence, a child’s language environment. This
study used a prospective case-crossover design, and
was conducted with a group of non-parental caregivers
(NPCs), who were chosen because of their extensive and
consistent periods of time with the children in their care.
Baseline scores were obtained from 17 NPCs at the child’s
home. Children were 10 to 40 months old. All children were
from high SES households. During the initial visit, baseline
recordings were completed, and each NPC participated in
an educational session that focused on enriching a child’s
home language environment. In this 60-minute session,
feedback from the baseline LENA recordings, language
goals for the following session, and strategies to increase
parental talk and conversational turns were discussed.
LENA recordings were done at the child’s home weekly
for 6 weeks and quantitative LENA feedback was given to
the NPC between each recording session. The NPCs were
instructed to keep the device turned on for the maximum
recording duration (16 hours) and to report on daily time
logs on when their interaction time with the child ended for
the day. Results at the end of the 6-week study indicated
significant differences in language behaviors (AWC and
CTC scores) between the pre and post results. The
authors acknowledged that due to overlap between the
educational session and initial baseline LENA feedback, it
was impossible to isolate the influence of LENA feedback
from coaching on caregivers’ language behaviors recorded
subsequently. In addition, the absence of a control group
limited generalizability of the study results.
In 2015, Suskind and colleagues published an
experimental study which evaluated the effectiveness

of a newly developed parent-directed spoken language
intervention. This program was designed to increase
parental knowledge of child language development and
to support parental talk in low SES families. Twentythree caregiver–child dyads were randomly assigned to
an experimental group (n = 12) or a control group (n =
11). Families in the experimental condition received eight
weekly 60-minute home visits from trained personnel. The
visits included an interactive educational module, feedback
about the amount of language the parent had used during
the previous week using LENA data, and opportunity for
mothers to practice language promoting strategies as
modeled via videos, and a goal-setting activity to increase
the LENA scores. The control condition consisted of a
nutrition intervention that involved eight weekly 10-minute
home visits from a research assistant. Home-based data
were derived from the LENA sytem (i.e., AWC, CVC, and
CTC). LENA outcomes increased significantly during
intervention but did not show significant increase when
examined 4 months post-intervention. Study results
supported the short-term effects of parent directed
intervention on children’s home language environment.
Potentially because of the limited duration of the study
and a small sample size, results did not capture sustained
changes in parent or child LENA outcomes.
In a subsequent study, Suskind et al. (2016) evaluated
the effect of the parent-directed home-visit intervention
curriculum (Project ASPIRE) on the language environment
of low SES families with children who were DHH. All
children were younger than 4.5 years of age and used
hearing devices. Participants who completed the study
included seven families in treatment and 15 in the control
group. Group assignment was not random and children
who received a cochlear implant from the first author were
assigned to a treatment group whereas other participating
children were assigned to a treatment or control group.
Caregivers in the experimental group, received 10 weekly
60-minute feedback sessions over a six month period.
During these sessions caregivers received quantitative
LENA feedback regarding the amount of language the
caregivers were using with the children in comparison
to their previous recordings and the national average.
In addition, they also received home visits by early
interventionists during which video modeling and a spoken
language curriculum were used to help improve learned
parental language behavior. Participants in the control
group did not receive home visits but completed LENA
recordings. Results at the end of six months indicated no
statistically significant differences in LENA scores (AWC
and CTC) between the experimental group and the control
group.
Sacks et al. (2014) also explored whether participating
in Project ASPIRE and receiving weekly feedback about
LENA scores would increase AWC, CTC, and CVC scores.
Eleven families from low SES backgrounds with children
who were DHH (average age 32 months) participated.
Two 16-hour LENA recordings provided a baseline of
the family’s language environment. Using the baseline,
a deaf educator conducted the 60-minute educational
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home visit that included the ASPIRE spoken language
curriculum and a discussion of LENA scores. Parents were
asked to set realistic goals for their next LENA recording
session. Following the one-time home visit intervention,
parents completed three additonal LENA recordings and
continued to receive feedback about their LENA scores via
phone sessions. Results at the end of the study indicated
significant differences in language behaviors (53%
increase from baseline in CTC, p < .01 and 43% increase
from baseline in CVC scores, p < .05) between the pre and
post results (AWC increased 20% above baseline, but was
not statistically significant). However, there was no control
group for reference in this study.
The studies by Beecher and Van Pay (2020) and Elmquist
et al. (2020) were designed to evaluate the effectiveness
of a community-based parent education program (LENA
StartTM). The program curriculum included parent coaching
using strategies to improve spoken language input and
thereby children’s receptive and expressive language (e.g.,
shared reading, songs and rhymes, incorporating select
vocabulary words, talking strategies, information about
childhood brain development, and reflection exercises).
The curriculum was implemented via weekly hour-long
parent-educator sessions using lectures, discussions,
videos and other materials. In addition, parents were
provided graphical reports of LENA quantitative measures
(AWC, CTC, amount of electronic sound exposure) from
LENA recordings that the parents completed and reading
times reported from the previous week. Pre-LENA and
post-LENA outcomes were AWC, CTC, and CVC. The
comparison group in Beecher and Van Pay (2020) included
families who attended library visits at two locations and
made LENA recordings but did not receive the curriculum
or quantitative feedback until after study completion.
Elmquist et al. (2020) used a non-equivalent comparison
group that received general parent education as part of
a statewide Early Childhood Family Education program
but no LENA-based feedback or LENA StartTM curriculum.
Multilevel linear modeling of growth curves as a function
of time (longitudinal) were used by Beecher and Van Pay
(2020) for examining outcomes in the intervention group
and a propensity matched comparison group. Results
suggested significant growth on AWC, CTC, and CVC for
the intervention group but not for the comparison group.
Pre- post- comparisons in Elmquist et al. (2020) showed
that although the intervention group made gains and there
was decline in the comparison group, these findings were
not statistically significant. In contrast to the comparison
group, small to medium effect size gains were found in the
intervention group for CTC and CVC, but not for AWC.
In summary, results from the reviewed studies are mixed.
The first three studies reviewed (Gilkerson et al., 2017;
Pae et al., 2016; Zhang et al., 2015) did not demonstrate
improvements on LENA outcomes from quantitative LENA
feedback provided to parents when the full sample was
considered. However, each study reported improvements
for families below the 50th percentile. This regression to
the mean poses a significant threat to a valid interpretation
of the results. That is, because the families below the 50th

percentile scored on the lower extreme to begin with, there
was a statistical tendency for improvement in scores (i.e.,
moving toward the average). Such gravitation of scores
toward the mean could have occurred due to chance and
not necessarily due to the feedback provided. Although
two of the Suskind et al. studies (2013, 2015) supported
parent-focused intervention and LENA feedback, study
outcomes were not sustained post-intervention. In addition,
the effects of LENA feedback could not be isolated due to
additional interventions, one of the studies lacked a control
group, and both studies included small samples. Similarly,
studies by Beecher and Van Pay (2020) and Elmquist
et al. (2020) supported the effectiveness of communitybased parent education including the use of LENA-based
feedback. However, the effectiveness of LENA quantitative
feedback alone cannot be isolated in these studies due to
inclusion of other intervention components. Suskind et al.
(2016) reported no change in LENA outcomes between
experimental and control groups, and the assignment to
the experimental group was predetermined for families of
children who received their cochlear implant from the first
author. Finally, Sacks et al. (2014) reported gains in CTC
and CVC following LENA feedback to families of children
who were DHH, however, their study did not include
a control group. Results from studies with no control
group would generally not be taken as strong indicators
of improvement resulting from feedback (Cuijpers et al.,
2016). Despite this issue pre-post studies were included
in this review because of the limited number of studies
available on this topic.
We conducted analyses to evaluate the overall effect sizes
from this literature (reported in Table 1). Standardized
Mean Difference Effect Sizes (SMDES) following
recommendations of Glass (1976) were calculated for
each study. We also rated the studies on their ability
to specifically interpret the utility of LENA-quantitative
feedback (reported in Table 2). Finally, we evaluated
threats to internal validity for each of the nine studies
(Campbell & Stanley, 1966).
With the aim of reporting on the quality of LENA
quantitative feedback, we rated each study based
on (a) frequency of feedback, (b) whether feedback
was customized for the family, and (c) the feedback
access mode. Ratings (Table 2) provided were 1-Good;
2-Satisfactory; and 3-Unsatisfactory. To be clear, this rating
was only related to how effectively the LENA feedback was
provided to the families and did not take into consideration
the use of other additional interventions. That is, this rating
was not meant to classify the entire study components.
For example, a rating of 3 was given when LENA
feedback was made available to families online with lack
of information on whether families actually viewed the
data weekly. Similarly, a rating of 3 was given to studies
when frequency of feedback was every few months.
Monthly feedback and weekly feedback were rated as 2
and 1, respectively. Average scores suggested that one
study was rated as Unsatisfactory for the quality of LENAfeedback provided. Three of the studies were rated to be
Satisfactory and five were rated as Good.
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Evaluating threats to internal validity of the studies was
based on Campbell and Stanley (1966). Potential threats
are discussed for each study. Based on this evaluation,
six were rated as Satisfactory and three were rated as
Unsatisfactory in quality (Table 1).
Discussion
The effect of using feedback from LENA audio sample
recordings to increase parents’ child-directed spoken
communication was reported in nine published studies.
In all these studies, the investigators evaluated whether
LENA scores (i.e., AWC, CTC, and/or CVC) would
increase as a result of giving parents feedback about
their LENA scores from earlier sessions in addition
to some form of parent coaching. We reviewed these
studies and examined their results. Six studies included
an experimental and control group in investigating the
effects of LENA-based feedback and three used a pre-post
design. We also examined the sources of internal validity
threats for all the studies.
The first main observation was that all studies combined
LENA quantitative feedback with other parent coaching
activities, some more extensive than the others. This issue
did not allow us to address the main research question
which was whether or not LENA quantitative feedback
when provided to caregivers leads to an increase in
the quantity or quality of parent-child interactions. The
effects of LENA feedback could not be isolated due to this
confound in the majority of the studies with the exception
of Suskind et al. (2013) which had minimal educational
intervention for one session.
All studies reported LENA outcomes of AWC and
CTC but only four of them examined change in CVC.
Feedback to parents is expected to influence the
language environment with the main goal of enhancing
child language behavior. However, many of the studies
did not analyze or report on CVC outcomes. Average
SMDES across all the studies demonstrated that the
overall effect size was small for AWC and CTC, but was
large for CVC. However, more studies with CVC data are
needed to substantiate this finding. Overall, for AWC and
CTC the overall effect sizes were relatively small which
may be due to the nature of methodological differences
between the studies. For example, the Suskind et al.
(2016) study that was conducted in a clinical population
(children who were DHH) showed regression on the CTC
score post-intervention in the treatment group after an
initial improvement. Furthermore, there was almost a 50%
attrition of participants in their treatment group at postintervention measurement. The studies by Suskind et al.
(2016), Elmquist et al. (2020), and Beecher and Van Pay
(2020) were also limited by a quasi-experimental design in
which the equivalence of the participants in experimental
and control groups was not achieved. In three studies,
subjects were randomized to control and treatment groups.
However, internal validity limitations were noted in the
majority of studies.
To better quantify and interpret these limitations we
examined the scientific quality of each of the studies

(Campbell & Stanley, 1966). Multiple sources of threats to
internal validity were examined across all studies. Based
on this, as shown in Table 1, six studies were rated as
Satisfactory (Beecher & Van Pay, 2020; Elmquist et al.,
2020; Gilkerson et al., 2017; Pae et al., 2016; Suskind
et al., 2013, 2015) and three as Unsatisfactory in quality
(Sacks et al., 2014; Suskind et al., 2016; Zhang et al.,
2015). None were rated as Good. As expected, this
examination indicated that generally, randomized studies
had fewer threats to internal validity. However, this was
not the case for all randomized studies. For example,
the study by Pae et al. (2016) although randomized had
many plausible threats to internal validity such as attrition,
regression, and selection and therefore it was categorized
as Satisfactory in quality.
Three of the studies used a pre-post design without a
comparison group (Sacks et al., 2014; Suskind et al., 2013;
Zhang et al., 2015). Results from these studies would
generally not be taken as strong indicators of improvement
resulting from feedback because of the lack of a control
group (Cuijpers et al., 2016). Despite this issue all studies
were included in SMDES calculation because of the
limited number of studies available on this topic. Despite
the limitations of pre-post designs, one of these studies
was rated to be Satisfactory in quality because it was less
affected by most sources of internal invalidity that were
examined (Suskind et al., 2013). The use of evidencebased criteria, that is, sources of internal invalidity threats
to examine the quality of individual studies provided
additional important information which was not reflected
via SMDES alone. This finding is relevant to designing,
implementing, and interpreting studies especially in
clinical populations. The major factors that were serious
plausible threats to those studies that were categorized
as Unsatisfactory were attrition, participant selection,
history (i.e., plausible events other than LENA-quantitative
feedback during the study), and maturation.
Participant factors of some of the studies included
recruitment specific to certain socioeconomic groups and
the broad age-range of children. Specific to children who
are DHH, we noted that only two studies had children with
hearing loss as part of their participant pool. The paucity
of studies is a limiting factor in arriving at any conclusions
about children who are DHH in relation to LENA-based
parental feedback.
A design issue in the studies was the mixed nature of
the intervention (inclusion of intervention/coaching in
addition to LENA-based feedback). Four of the studies
used a combined intervention in which feedback about the
frequency and quality of parent language was combined
with the ASPIRE spoken language intervention program.
ASPIRE is an educational intervention curriculum that
includes video-modelling of the language behaviors
targeted at each module (Sacks et al., 2014; Suskind et
al., 2013, 2015, 2016). The five other studies also had
additional intervention components such as webinars,
parents discussion forums, video demonstrations,
motivational talks, and workshops (Beecher & Van Pay,
2020; Elmquist et al., 2020; Gilkerson, 2017; Pae et
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al., 2016; Zhang et al., 2015). The fact that there were
several intervention components being implemented
simultaneously made it impossible to estimate the actual
effect of only providing parents with feedback about the
frequency and quality of their language with the child.
Studies that examine the effectiveness of LENA feedback
in isolation are needed to substantiate its utility.
In addition, there was variability across studies on the
quality of feedback. We therefore rated each study based
on frequency of feedback, customization, and access
mode (Table 2). Based on average scores, the Suskind
studies (Suskind et al., 2013, 2015, 2016), Beecher and
Van Pay (2020) and Elmquist et al., (2020) were rated
as Good for the quality of LENA-feedback. Three of the
other studies were rated to be Satisfactory and one as
Unsatisfactory. Furthermore, we noted that only four
studies used LENA CVC as an outcome (Beecher &
Van Pay, 2020; Elmquist et al., 2020; Sacks et al., 2014;
Suskind et al., 2015). Finally, there is a need for studies
evaluating the effects of feedback that are also based
on theoretical principles for supporting behavior change
(Prochaska & Velicer, 1997). Researchers have supported
factors such as timely and frequent goal-oriented
feedback as being critical to promote behavior change
(Schembre et al., 2018). As an example, to achieve the
goal of 10,000 steps per day, feedback would occur during
the day to increase the chances of achieving that goal
and would include an update on step counts at specified
intervals.
Because of the limited number of studies and the scope
for methodological improvements, more research is
needed to establish whether giving parents LENAquantitative feedback about the amount of language they
are using and encouraging them to use more language
will increase the amount and quality of language that
parents use with their children. Importantly, future studies
using evidence-based theoretical approaches to guide
behavior change in language use are needed, similar to
approaches more widely used for health related behavior
modification such as pedometers.
Future directions
Based on this review several important insights were
gained. First, there is a paucity of studies that address
the key research question of whether LENA-quantitative
feedback when provided to parents results in changing
the quality and quantity of parent-child interactions.
Existing studies have provided LENA-feedback in
combination with other parent coaching interventions
thus confounding the study results. Second, the quality of
the feedback is influenced by the frequency of feedback
and how the quantitative feedback is presented to the
parents. Monitoring whether and how parents access the
LENA feedback and how often, is crucial. Third, largesample randomized studies in children who are DHH
are much needed given the paucity of studies and the
known importance of parent-child interactions to improve
language outcomes in children who are DHH. Future
studies should be designed to incorporate these factors.

For example, LENA recordings should be attempted at
least 2 to 4 days per week to capture adequate data
for measurements. This is because of the day to day
variation that may occur in the number of opportunities for
interactions across families. To measure its effectiveness,
LENA quantitative feedback should be provided with no
additional parent coaching and must be consistent in
frequency and quality across participants.
Conclusions
The importance of helping children develop good
language skills, including children who are DHH, is widely
recognized. Substantial evidence suggests that the
quantity and quality of caregivers’ language is positively
correlated with their children’s language development.
Considering this, there is a need to facilitate parents to
acquire skills that help increase the quantity and quality
of their language interactions with their children, and
effectively integrate these skills into their daily routines. It
is critical that this facilitation occurs early during the child’s
development and is provided with adequate frequency and
dosage. Even though caregivers may be willing and eager
to make a change in their communication behavior, they
may not have all the tools needed to make the change
effectively. The availability of the LENA system makes it
economically and logistically practical to systematically
gather a large amount of language interaction data. The
LENA system can capture communication patterns and
help guide needed changes by providing objective, easy
to use, and timely feedback about language usage and
parent-child interactions. It is important to determine
if providing parents with such feedback will promote
change in parental behavior, leading to healthier and
more productive language environments and outcomes
for children. Our evaluation and discussion of existing
studies provides a framework for future studies in children,
including children who are DHH.
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Abstract
Purpose: Detail the application of intervention mapping as a protocol for developing a novel way to address lost to
intervention within the early hearing detection and intervention systems.
Design: Intervention mapping (IM) is an approach to behavior change that is typically used in public health initiatives.
This six-step process walks health program developers, researchers, and policy makers through a rigorous research and
community-based approach to understanding why a health concern or problem is present in a community. When using IM
to address lost to intervention in Early Hearing Detection and Intervention programs, the focus is on why families choose
to not enroll in early intervention services covered by part C of the Individuals with Disabilities Education Act of 2004 after
identification of their child as D/deaf or hard of hearing.
Results: This process culminated in the development of “Swaddling Ear to Ear” as a novel approach to the
implementation of behavior change theory and early intervention access.
Conclusion: Intervention Mapping is posed to support policy makers, care providers, and families with the requisite tools
to navigate early intervention services and begin a systematic line of research working to access barriers to care and
access inequality for newborns identified via Early Hearing Detection and Intervention programs across the United States.
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What is EHDI?
Early Hearing Detection and Intervention (EHDI) programs
work to screen the hearing of all newborns, identify
children who are D/deaf or hard of hearing, and support
access to early intervention services with families (Early
Hearing Detection and Intervention Act, 2017). These
programs typically fall in line with the recommendations
of the Joint Committee on Infant Hearing (JCIH, 2019)
to screen the hearing of all newborns before they are
one month of age, ensure that all children who refer on
this screening receive a diagnostic evaluation by three
months of age, and those identified as D/deaf and hard of
hearing receive early intervention services by six months
of age. Early intervention services include a wide range
of supports tailored to meet the family’s needs and can

include the support of audiologists, speech language
pathologists, sign language instructors, Deaf mentors,
teachers of the deaf, and many more (Individuals with
Disabilities Education Act, 2004). These services can
be provided by various state agencies under Part C of
the Individuals with Disabilities Education Act or those
procured privately by families from community providers
(Centers for Disease Control and Prevention [CDC],
2021; Individuals with Disabilities Education Act, 2004).
Although EHDI programs are called for and funded at
the national level as a part of public health law, within
required components, each state can build its program to
meet the specific needs of its community (Individuals with
Disabilities Education Act, 2004).
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The success of EHDI programs in the United States
during 2019 resulted in the screening of over 97% of
births and the identification of 5,934 children as D/deaf
or hard of hearing. However, only 3,662 (less than 2/3
of those identified) are reported to have accessed early
intervention services (CDC, 2021). This creates a critical
population of those who were lost to intervention (LTI). The
LTI population is comprised of individuals and families that
have been identified as having a potential developmental
risk factor and are not accessing the supports to
ensure linguistic and emotional development. From a
philosophical standpoint, LTI is in direct conflict with the
intervention goals of EHDI and negates the success of
screening and diagnostic efforts for those who are LTI. The
value in screening and identification of children who are
D/deaf and hard of hearing is tied to the positive impact
that timely identification has on intervention services
and supporting the linguistic and emotional development
of the child and their families (Yoshinaga-Itano, 1999,
2003, 2013). When children are LTI they have been
successfully screened and identified, but that information
does not transition into actionable steps and supports. The
screening and diagnostic information loses much of its
potential impact and value.
With this conflict within the EHDI system, those who are
LTI represent a critical breakdown in the support and
facilitation of accessible information for children who are
D/deaf or hard of hearing and their families. Kingsbury
and colleagues (2022) highlight that the language used
to discuss when families and children do not make it to
the next clinically indicated step does not separate the
population of those who are LTI and those who have
been found to require a diagnostic evaluation. It is critical
to recognize the experiences and needs of families who
are LTI are unique to those who have been identified
as D/deaf or hard of hearing. Recent work on LTI has
highlighted that online information for families preparing to
enter early intervention (those on the verge of being LTI)
is not written in a manner that is linguistically accessible
or in alignment with federal readability guidance (Woodruff
& Cienkowski, 2021). Inaccessible information about
early intervention compounds with these highly personal
decisions across five main domains: family culture, family
experience, perceived barriers, perceived benefits, and
perceived vulnerability to exacerbate misinformation and
misinformation that prevents service access (Woodruff
& Cienkowski, 2022b). There is now a critical need to
address the challenge of LTI by infusing new research
on this population with existing information about the
successful implementation of public health programs.
What is Intervention Mapping?
Intervention Mapping (IM) is a protocol that walks
through program development to support communitycentered, research-driven, and theory-based interventions
(Bartholomew Eldridge et al., 2016). This step-by-step
protocol has a history in public health as a means of
designing and evaluating intervention to change health
behavior around topics such as preventative medicine,
cardiovascular health, and cancer (Majid et al., 2018).

The six steps (Figure 1) that make up IM are a means of
making sure that research questions and approaches are
consistent with behavior change theory, as well as what
clinical providers need and families deserve (Bartholomew
Eldridge et al., 2016). This function-driven education
makes the use of IM more applicable and supports the
use of articles, like this one, detailing the application of the
approach within the realm of EHDI.
Purpose
Walking through the individual steps to apply IM to LTI
within EHDI chronicles the novel, yet merited use, of the
IM procedure. Documenting the multiple components
to the application of IM within this area also serves to
delineate the level of rigor inherent in this type of work.
Future works looking to capitalize on the literature about
behavior change in public health may use this article as
a formula for the application of IM to topics within the
realm of supporting children who are D/deaf or hard of
hearing and their families. This article will further the
conceptualization of EHDI as an interdisciplinary service,
specifically inclusive of public health services and theory.
Intervention Mapping Steps
Step 1
Step 1 of IM explicitly calls for the development of a
working group of experts to come together to state
the goals of the program (Bartholomew Eldridge et al.,
2016). The working group should include individuals
from a range of stakeholder groups and specialties that
are primed to address the health concern in question
(Bartholomew Eldridge et al., 2016). The working group for
the current study included experts in the following areas:
IM, early intervention in speech language pathology, aural
rehabilitation, qualitative research methods, developmental
disabilities, and parent education. Additional consultations
through this process were made by (a) a culturally Deaf
adult who identifies as a racial and linguistic minority and
(b) the parent of a child who is under the age of three.
Members of the working group were educated on the
problem of LTI by Torri Ann Woodruff-Gautherin through
multiple meetings, written documents, and a culminating
dissertation prospectus and grant application. To support
understanding of LTI and begin the theory driven process
of IM, a logic model of the problem for LTI was developed
based on the framework from Bartholomew Eldridge et al.
(2016; Figure 2). A logic model is a visual representation
of the personal determinates and environmental factors
that lead to a health problem. In this case LTI, and the
larger quality of life concern of this health problem, leads
to language deprivation.
This logic model highlights the personal determinates that
are relevant to LTI and reinforces that there is a causal
relationship between family culture, family experiences,
perceived vulnerability, perceived benefit, and perceived
barriers of EI and the experience of language deprivation
by children and families who do not get the support they
are entitled to as a part of EI (Woodruff & Cienkowski,
2022b). The working group of interdisciplinary professionals
listed in the acknowledgments collectively accepted
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Figure 1

The Six Steps of Intervention Mapping

Note. The information has been adapted from Batholomew Eldridge, L. K., Markham, C. M., Ruter, R. A. C., Fernandez,
M. E., Kok, G., & Parcel, G. S. (2016). Planning health promotion programs: An intervention mapping approach (4th ed.).
Jossey-Bass & Pfeiffer Imprints: Wiley.

Figure 2

Logic Model of Lost to Intervention

Note. Information was adapted from Woodruff, T. A., & Cienkowski, K. M. (2022b). Modeling lost to intervention in early
hearing detection and intervention: A modified eDelphi study. [Manuscript submitted for publication]. Department of
Speech, Language, and Hearing Sciences, University of Connecticut. EHDI = Early Hearing Detection and Intervention.

the purpose of increasing access to early intervention
services through one-on-one parent education for families
of children who are D/deaf or hard of hearing. Members
provided feedback on the approach to modeling during
group meetings as well as individually in some cases. As

such, the goal of this program is to address LTI within the
state of Connecticut using novel behavior change methods
with parents and caregivers to children who have recently
been identified as D/deaf or hard of hearing.
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Step 2
With the logic model established, the focus of IM moves
to individual steps outlined by Bartholomew Eldridge et
al. (2016), rather than overarching topics and challenges.
The next product is a matrix of performance and change
objectives. Performance objectives are the smallest steps
that can be taken in this order toward addressing LTI
(Bartholomew Eldridge et al., 2016). Some examples are
shown in Table 1, column A. Each one of these performance
objectives is then crossed with the determinates that were
identified in Figure 2. Crossing the performance objectives
with each determinate creates a cell in Table 1 where a
change objective can be created. Change objectives are the
outcomes from the intervention that work to move through
the performance objectives while systematically addressing
the determinates (columns B and C of Table 1. The goal
of combining performance objectives with determinates
to develop change objectives is to have distinct skills
that participants can demonstrate as a means of having
outcome measures for the program and a systematic
approach to addressing all facets of the health problem.

Step 3 develops the mechanics of how the intervention
will be implemented with participants. The intervention
materials created are focused on transitioning the
participant from an educational setting to a point of critical
thinking and empowerment to ensure the coordination
of services to support access. Each activity to elicit
the completion of the change objective is derived from
behavior change theory as it relates to the determinate
being addressed. Table 2 shows the linkage of a few
change objectives and the research-backed approach to
changing that at the cognitive level (Bartholomew Eldridge
et al., 2016). We called our intervention Swaddling Ear
to Ear and focused on supporting families in the process
of accessing early intervention service. The ultimate goal
of Swaddling Ear to Ear is to ensure enrollment in Early
Intervention. Once engaged in EI, families will be able
to collaborate with self-advocates, professionals, other
families, and stakeholders to build the constellation of
services that best supports children and families.
Step 4
In Step 4 of IM, the planning moves from theory-based to
physical production (Bartholomew Eldridge et al., 2016).
We selected online as the method of dissemination.
Although there is work to support the use of tangible
reminders and reinforcers to elicit behavior change, the
unique public health climate of this program could not be
ignored. With COVID-19 at the top of many Americans
minds and the continued variability in safety for gathering
and physical contact, online dissemination methods
allowed for the creation of materials that were accessible
regardless of current public health guidance. Also, building
an online resource to move in tandem with the educational
program increases the reach possible for the information.
The website itself was built in Google to have compatibility
with a variety of web enabled devices, including
cellphones. With over 91% of the United States population
having access to the internet through their cellphone, this
confounding barrier is limited (Statista, 2022).

Step 3
Once the individual expectations for each participant
across all determinates and performance objectives
have been identified, the mechanisms to engage each of
these change objectives must be selected (Bartholomew
Eldridge et al., 2016). Step 3 represents a critical shift
in how IM pushes LTI interventions compared to that of
current scripting or programs to address lost to screening
or identification, given the interactive component with
parents and the focus on theory-driven topics (National
Center for Hearing Assessment and Management, 2010).
This interaction addresses parental disengagement directly
by developing an environment where engagement in the
educational module is expected and creates an opportunity
to practice engagement skills, consistent with the
foundational practices of early intervention and the parental
behaviors required to enroll in intervention services.
Table 1

Matrix of Change Objectives
A

B

Performance Objective

C
Determinants

Family Culture
Respond/Answer attempts to connect
from Connecticut Early Intervention
before the child is 6 months of age

•
•

Explain the language used in
the home and describe how to
request interpretation services.
Describe the unique role of each
person in the family as it relates
to the Early Intervention (EI)
process.

Family Experience
•

•
•
•

Express confidence in ability to
discuss child’s development,
needs, recommendations, and
current concerns of families and
providers.
List the different ways that EI may
contact the families.
Add the state hotline for EI
referral to phone or address
book.
State that their child is at risk
for language deprivation as a
result of their hearing loss if not
addressed through intervention.
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Table 2

Change Objectives and Research-based Methods to Address Needs
Change Objective

Method

Add the state hotline for EI referral to phone or address book.

Guided Practice/Implementation Intention

Connect experiences with strengths-based observations provided
from other families.

Cultural Similarity

Demonstrate record keeping by retaining notes from the call with EI
and appointments in a dedicated handbook.

Chunking/Advanced Organization/Imagery/
Guided Practice/Implementation Intention

Demonstrate the ability to interpret their child’s audiogram including
type, configuration, and recommendations.

Direct Experience/Guided Practice

Describe the unique role of each person in the family as it relates to
the EI process.

Implementation Intention

Diagram the number of different steps of EI referral.

Direct Exposure

Explain the importance of developmental needs and the impact of
delayed intervention/language deprivation.

Fear Arousal/Personalized Risk

Express confidence in ability to discuss child’s development, needs,
recommendations, and current concerns of family and providers.
Identify what logistical supports will be needed to meet needs.

Role Play
Implementation Intention/Guided Practice/
Discussion

List local family support services available in their town or county.
List the benefits of EI compared to not accessing services.

Implementation Intention
Personalized Risk

Match the job title of common EI providers with their general job
descriptions, roles, skills, and value of involvement.
State that EI will only contact them/provide services if they provide
consent.
State that the family is the most important component of the EI
system while working to ensure that children who are D/deaf or hard
of hearing do not experience language deprivation.

Direct Experience/Personalized Risk/Verbal
Persuasion
Discussion
Repeated Exposure

Note. EI = Early Intervention

Within the website a color scheme and simple branding
(Figure 3) were selected to support participants in
associating the key components of enrolling in early
intervention with their daily lives. The four steps to
enrolling in early intervention (knowing your eligibility
based on hearing test results, connecting with the service,
making relevant appointments, and staying engaged)
were each assigned their own graphic and color that
permeated the webpage. This consistency and repetition
in message are consistent with behavior change work as a
whole (Bartholomew Eldridge et al., 2016) and specifically
with regards to barriers to early intervention access in
EHDI (Woodruff & Cienkowski, 2022b). Once the general
structure of the four steps were selected, each step had
its own webpage created that featured a graphic organizer
at the top of the page with key points and the associated
symbol. Below this graphic organizer were prompting
questions to help families navigate through the functional
steps of addressing these key points.
In line with national recommendations, each page was
reviewed for readability to ensure it was written at a 6th

Figure 3

Branding Used for Program

Note. SETE = Swaddled Ear to Ear.
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grade or below reading level (Safeer & Keenan, 2005;
Sax et al., 2019; U.S. Department of Health and Human
Services, n.d.; Weiss, 2006; Woodruff & Cienkowski,
2021). An online accessibility expert was brought on to
review all pages on the site for screen reader compatibility
and visual contrast acceptability. The videos posted were
ensured to have accurate captioning and all images
included an image description. Consultations with the
parent of a child under the age of three, a culturally Deaf
adult with experience in social services for children who
are D/deaf and hard of hearing, an IM expert, skilled
providers of early intervention services for children who are
D/deaf and hard of hearing (audiology, speech-language
pathologist, teacher of the deaf) and an individual working
at the state-level to implement EHDI were also completed
to ensure accuracy of information and presentation.
Given that this is a pilot, it is anticipated that following the
completion of this study, materials will be further refined by
future users.
Steps 5 and 6
Steps 5 and 6 of IM focus on taking the program that is
developed in Step 4 and ensuring that it is applicable to
the population of interest (Bartholomew Eldridge et al.,
2016). Given the unique position of EHDI as a system
called for at the federal level but devised to be responsive
at the state level, the processes of Steps 5 and 6 should
be developed in conjunction with the individual EHDI
program and community where the program will be
implemented. These steps used in the state of Connecticut
are covered by Woodruff et al. (2022a).
Step 5: Development of an Implementation Plan for
the Adaptors, Implementers, and Maintainers of the
Program

The goal is to ensure that the intervention will be
agreeable to those who will use it (Bartholomew Eldridge
et al., 2016). An effective intervention requires developing
a list of all potential users (implementers who will deliver
the messaging, adaptors who will create the community’s
structure for the program, and maintainers who will keep
the program running over time). These individuals will
need their own outcome and performance objectives along
with change objectives for the use of the program.
Step 6: Point of Evaluation for the IM Protocol
The outcomes for each IM program will be different and
need evaluation (Figure 4; Bartholomew Eldridge et al.,
2016). For Swaddling Ear to Ear, as a novel behavior
change program focused on changing perceptions of early
intervention to support engagement for children who are
D/deaf and hard of hearing, the evaluation must look at
outcomes in terms of behavior and perception of early
intervention. Fidelity of the implementation, the function
of the implementers (who they are, the training of the
implementers, and implementer oversight) is critical to
ensure consistency of the program and the control of outside
variables. Woodruff et al. (2022a) will cover the evaluation
of this program along with more expansive qualitative
examples of the content designed for this population.

Swaddling Ear to Ear: Addressing LTI in EHDI
Swaddling Ear to Ear represents the first time that IM
has been used to address LTI in EHDI. As a program,
Swaddling Ear to Ear is delivered on a one-on-one basis
in virtual format. The implementer trained in the program
leads a hands-on practice session covering skills related
to advocacy. A link to the family-facing website that
accompanies this educational session can be found at
https://sites.google.com/uconn.edu/early-interventionswaddling/home?authuser=1. This website includes
primarily the educational materials used in the session
with the implementer leading the hands-on sessions. The
semi-structured script used by the implementer is in the
Appendix. An abbreviated example with actors of what
one of the hands-on session can look like can be found at
https://kaltura.uconn.edu/media/Swaddling+Ear+to+Ear/1_
yyfxlz64.
Figure 4

Evaluation Plan for Program

Conclusion
Intervention Mapping exists to bridge the translational
gap between behavior change theory, research on
behavior change interventions, and public health initiatives
(Bartholomew Eldridge et al., 2016). Within EHDI, there
is a need to translate what research tells us about the
benefits of early intervention into information that is
useable by parents and providers when making enrollment
decisions. Further, this need is best addressed at the
level of the family with the input of system stakeholders,
as IM supports. Tapping into IM’s history in public health,
the application of it to EHDI reaffirms that since EHDI
is governed by public health law, it can and should be
viewed as an interdisciplinary concept inclusive of public
health principles. The inherent connection between IM and
public health uniquely poises it to capitalize on the strong
tradition of and legislative push for parent, advocate, and
professional input on program development in EHDI (Early
Hearing Detection and Intervention Act, 2017).
Although Step 6 of IM was described in this article, the
actual evaluation of Swaddle Ear to Ear has not yet been
completed. It is critical that programs that are developed
through IM be subjected to evaluations with quantitative
and qualitative rigor to assure the feasibility, fidelity, and
utility of these programs. Evaluation procedures provide
EHDI programs with publishable data that may be useful
for other state programs that are looking to better embody
the goals of EHDI while addressing LTI. While underrepresented in the literature, these evaluations are critical
to ensuring the credibility of IM and further evidence-based
work in EHDI to support children and families.
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Appendix
Semi-structured Script for Implementer
Thank you so much for signing up for today! Today we will be using this website and the pages you sent earlier like these.
Do you have any questions before we start?
I will tell you a little about me, you can ask me questions, and then I want to know your family.
Name
Student at UConn
Working with Torri
Today we are going to be talking about early intervention for your baby. What is important to know is that everyone you
meet on your journey wants to and has to make themselves easy to understand. That can mean getting an interpreter,
repeating things, or asking for something to be written down with drawings or handouts. We will be going to this website
and I am also sending you a workbook with everything we talked about so that you can look at things again later if you
have questions or bring them to your audiologist to use when talking.
Tell how to get to website.
HEARING TESTS
Tell how to navigate to this page.
Hearing differences are not common at birth. Many people may have never met someone with hearing different than
themselves.
What experiences does your family have with hearing?
Probe looking to see if they have experience—if yes
What were those interactions/experiences like?
Look to create either positive associations (telling good stories) or create cognitive dissonance
between the negative experiences they report and the positive things they plan to do with their baby.
What do you think contributed to that?
If no—normalize that many people do not and that this gives them the opportunity to learn more about
hearing.
We asked these types of questions to some people who are similar to you or know people like you. And the things you are
feeling are normal.
There has been a lot going on in your life since your baby joined the family! Who have you met related to your baby’s
hearing?
IF having trouble - Some people you might have met are:
Audiologists
Pediatricians
Hearing Screeners
Each of these people has different but related jobs.
You have seen a lot of people at this point and know different names or phone numbers. If you have any papers, please
grab those too! We will add everyone to your phone and figure out what they do for you and your family.
Add each person they already met to their phones.
The next thing I want to chat about is your hearing test and the form they filled out for you. This is called an audiogram
and is how your baby’s hearing is shown. I think Melissa does a nice job reminding us what an audiogram is.
VIDEO
This is a lot to remember! You can watch this video whenever you want. Audiologists go to school for 8 years to be able to
do this! I have this handout for you with a link to that video to review it if you want to later.
What does that mean for when they are learning to communicate?
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Go through the audiogram - For a language that uses speech, if they don’t have access to high
frequencies they might not use s or mispronounce words. If they don’t have access then they might not
develop spoken language.
This isn’t going to be the only audiogram your baby gets. As your baby gets older, you will need them less often, but for
the next few months, you are going to be with your audiologist a lot. What makes it easier or harder for you to get to these
appointments?
For each concern the family brings up, nod, tell them it makes sense, and offer a solution/support from the
central 211 line.
Also we have that list in their download.
A lot of the things you mentioned are challenges many families face. You have a newborn! Some big concerns from other
families are:
Getting to appointments: There are programs that will pay you back for the miles you drive.
Getting time off of work: Appointments are made around your schedule! People can come to your home or the
child’s daycare.
Finding child care for siblings: At-home appointments can be done with your whole family there, it is encouraged!
We will also work to build a community around you to help with these types of challenges.
Affording this: In Connecticut, early intervention from the state is free. There are also groups that can help you learn
sign language, get hearing devices, and much more for no or less cost.
Not understanding what people say: You are the most important person in your child’s life. Ask questions. Get
hand-outs. Ask for interpreters. All of these are things that you are entitled to. There are also parent organizations who
are here to help you understand everything that is going on.
Not feeling ready or sure: This can be a confusing time. All you want to do is love on your new baby. Everyone you
are meeting wants to help you and your baby grow. Share what you are feeling with those around you. There are
ways to connect with parents who have taken this journey and learn from them.
CONNECT
Tell how to navigate to this page.
You might hear the term language deprivation to describe when someone does not have language access. This does not
mean that you are taking anything from your child! All it means is there isn’t language access.
Early Intervention services can mean a lot of things when supporting language, and it all depends on what you as a family
WANT for the baby. You might also hear it called EI or Birth to Three. These are all the same thing, and you can get them
for free in Connecticut because of your baby’s audiogram.
Some common things that families ask for to meet goals are:
Hearing Evaluations
Speech and Language Therapy
Sign Language Instruction
Hearing Aids/Cochlear Implants
Family Support Groups
and anything else that the child needs to grow.
What are some of your goals for the baby?
List 3 to start, encourage them!
If you go back into your phone, scroll back to the first contact we put in NAME, and let’s write down what
goal they can help you with as a note in that contact.
As you open up each contact you can also “link” them to the other providers you know.
Now that we know what early intervention is, it is time to talk about getting it! There is a process for getting early
intervention, and everyone involved wants to give your family what you need.
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This picture shows how to get early intervention. Since you are in control of early intervention, I thought we could run
through how it might go. Who in the family will be in charge of making the appointments and contacting early intervention?
Do you have 211 saved on your phone? Great, we are going to do a practice call.
(If one person, have them take on the parent role and the facilitator will be the operator. If 2 people, the person calling is
the parent and the one not calling is the 211 operator with the list of questions to ask as seen in the diagram.)
What is important to know is that you are in charge of every step. No one will contact you if you don’t agree, and you can
ask for as much or as little help as possible.
Early intervention and the phone numbers that you have saved are not the only people here to support you. Who in your
family and friends do you feel comfortable talking with or asking for help?
Congratulate for naming people and probe what they think might be the most helpful to ask each person to do.
Talk about family supports.
APPOINTMENTS
Tell how to navigate to this page.
Once you have contacted early intervention that first time, things will move very quickly! You will need to answer your
phone when people call—even if you do not know the number. The goal will be to make sure that your family is getting all
of the services you want, by the time your baby is 6 months old.
DESCRIBE DIAGRAM and congratulate that they are already ⅔ of the way done.
If we look back on your goals for the baby, each one of those will have a meeting and provider connected to it. We can
use this to walk through all the steps, who you will contact, and what that process will be like.
Discuss each point—this is planning intention and key
For when—have them set reminders on their phone
That can be hard to do when you are trying to learn all this information and take care of your baby. With that, I thought
we could do a practice of what that might look like. You can ask me a specific question about what we have covered, a
goal you have, or a question you want to answer, and I will explain in a “not so clear” way. You should stop me to ask
questions, get additional materials, or take notes. This will help you hear the information again and get you used to
advocating for your baby!
KEEP GROWING
Tell how to navigate to this page.
Once you are in early intervention, everything is set up to get you where you want to be. With that, you will have to
advocate for your baby.
That is a pretty big task. To help wrap your head around that, I want to go over how you advocate. To get that started, you
will see that the final page of your download is a “family plan of care.” This will be able to go into the front of your planning
so that you have all the tools you need to advocate. We will go over this form together, fill it out and consider what it would
be like to start a conversation using it.
Talk through and make sure each line is understood—basically what is your role? Then How do you ask for
help? Then How do you educate? And such
Ask “How do you start a conversation when you need someone’s help?”
Congratulate any step towards advocacy.
Reminder about asking for better explanations, things in writing, interpreters, and such
A reminder that people have to give them this—it is the law.
Reminder they are not alone and do not have to advocate alone—parent groups.
The most important thing for you to know is that you control this. Everyone you meet is here to help you learn. If you ever
think the person you are talking to is unclear, you should ask for an interpreter, take-home materials, and follow-up questions.
We have talked about a lot today and have tried to set you up for everything. How can we get through this to-do list?
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Abstract
Practitioners use caregiver coaching in early intervention services, but coaching principles and practices are not well
understood in the context of listening and spoken language (LSL) services with families of children who are deaf or hard of
hearing. The purpose of this study was to examine practitioners’ experiences with coaching, including definitions, training,
and practices they use in their work with families. Using semi-structured, qualitative interviews and video observation
discussions, this study examined the perspectives of 14 practitioners providing LSL services to families at three intervention
sites in the United States and Canada. Results indicate that practitioners’ underlying beliefs about their coaching
proficiency and caregivers’ capacity impact their coaching practices and how they engage with caregivers. Results highlight
practices such as mentoring and accountability that supported practitioners’ coaching skills. This study contributes to the
understanding of caregiver coaching in LSL practice and has implications for practitioners working to improve their coaching
skills, which may improve LSL services and optimize child outcomes.
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The Division for Early Childhood has established evidencebased recommended practices to guide practitioners in
implementing family-centered early intervention (FCEI)
with families of children with disabilities, including
caregiver coaching to build on families’ strengths and
impact child outcomes (Division for Early Childhood [DEC],
2014). Coaching empowers caregivers by building their
capacity, confidence, and competence to support their
child’s development and maximize learning opportunities
throughout their daily routines (Dunst & Trivette, 2009a;
Rush & Shelden, 2019; Woods et al., 2011). Caregiver
coaching increases both the quality and quantity of
intervention that children receive, and as a result, improves
child outcomes (Heidlage et al., 2020; Roberts, 2019;
Roberts & Kaiser, 2011; Sone et al., 2021).

practitioners abide by principles that prioritize caregiver
involvement in all aspects of intervention, and caregiver
coaching is used to achieve this goal (AG Bell Academy for
Listening and Spoken Language [AG Bell Academy], 2017;
Kendrick & Smith, 2017; Moeller et al., 2013). Caregiver
coaching necessitates that practitioners engage caregivers
as the primary learners in intervention sessions, facilitating
and enhancing caregiver-child interaction rather than
teaching the child directly. Through coaching, practitioners
teach caregivers specialized LSL skills, provide
opportunities for them to practice, and offer feedback in
the context of an intervention session. Coaching enables
caregivers to learn strategies to embed intervention within
their daily routines, providing the intensity of services
needed for their child to develop language.

The Joint Committee on Infant Hearing (2019)
recommends FCEI services provided by professionals
with expertise in hearing loss as the most appropriate
way to meet the needs of children who are deaf or hard of
hearing (DHH) and their families (Moeller et al., 2013). For
families who choose listening and spoken language (LSL),

Coaching positions caregivers as the primary learners
in the intervention process, therefore, practitioners must
use practices geared toward adult learners. Adult learning
refers to a collection of theories about processes and
conditions that optimize learning for adults (Dunst &
Trivette, 2012; Trivette et al., 2009; Yang, 2003). Adult
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learners must be ready to learn, actively participate in the
learning process, be self-directed, and the learning must
be solution-centered and contextual (Cox, 2015; Dunst
& Trivette, 2009b, 2012). Active learner participation,
opportunities to practice new knowledge and skills, and
reflection are important components for effective adult
learning (Dunst & Trivette, 2009b; Trivette et al., 2009).
However, practitioners providing intervention services to
families of children with disabilities often report a lack of
training in adult learning principles (Douglas et al., 2020;
Meadan et al., 2018). Even when practitioners claim to
implement caregiver coaching, research suggests that
a significant amount of time is spent engaging the child
directly during intervention sessions (Campbell & Sawyer,
2007; Salisbury & Cushing, 2013), suggesting a need for
training and accountability in coaching.
There is lack of consensus on the principles and practices
of caregiver coaching in the FCEI literature (Friedman
et al., 2012; Ward et al., 2020). However, most coaching
models contain elements of the following evidence-based
practices, as outlined by Rush and Shelden (2005, 2019):
(a) joint planning, (b) observation, (c) action, (d) reflection,
and (e) feedback.
The lack of consensus about best practices in coaching
for families raising children with disabilities also applies
to the specialized intervention services provided by LSL
practitioners (Noll et al., 2021). Practitioners can pursue
a Listening and Spoken Language Specialist (LSLS)
certification through the AG Bell Academy, which requires
3 to 5 years of mentorship and extensive professional
development, and results in a professional designation of
LSLS Auditory-Verbal Educator (AVEd®) or Auditory-Verbal
Therapist (AVT®; AG Bell Academy, 2017). Practitioners
abide by principles for the provision of high-quality
services to children who are DHH, including guiding and
coaching caregivers (AG Bell Academy, 2017). However,
these principles lack specificity and guidance on specific
practices for coaching as suggested by Rush and Sheldon
(2005, 2019) and it is unclear whether LSLS practitioners
incorporate well-established FCEI practices (Noll et al.,
2021).
Recent research has begun to explore caregivers’
experiences participating in FCEI services, including
coaching. Families of children who are DHH have reported
positive experiences with coaching in LSL services, indicating
that participation increased their skills and confidence in
supporting their child’s speech and language development
(Josvassen et al., 2019; Noll et al., 2022; Stewart et
al., 2020). In addition, caregivers have reported that a
supportive, collaborative coaching relationship that involved
shared decision-making and working together with their
practitioner in the context of their daily routines was key to
building their knowledge and skills (Salisbury et al., 2018). In
interviews with caregivers participating in LSL intervention,
three factors were indicated that contributed to a positive
caregiver coaching relationship: (a) practitioner attributes,
(b) how expectations are set for caregiver participation, and
(c) the evolution of the coaching relationship over time in
response to changing caregiver needs (Noll et al., 2022).

Fewer studies have examined the perspective of
practitioners who use caregiver coaching. In previous
research examining the perspectives of general FCEI
practitioners, participants reported challenges with
implementing coaching due to incongruent expectations
and family characteristics. The incorporation of precoaching strategies, such as trust-building, facilitated
caregiver engagement and helped to overcome these
barriers (Douglas et al., 2020; Meadan et al., 2018).
Practitioners reported that meeting families’ needs
required flexible, individualized practices, and that
engagement in intervention through positive caregiver/
practitioner relationships promotes caregiver competence
and empowerment (Meadan et al., 2018). Similarly,
practitioners implementing a highly structured model
of coaching reported that although they felt it to be
worthwhile, it was challenging to implement despite
participating in professional development activities to
support their skills (Salisbury et al., 2018). In a study
specific to LSL practitioners, King and colleagues (2021)
reported providers’ perceptions that services for families of
children who are DHH differ from other FCEI services due
to the specialized nature of developing LSL skills through
audition, and there is a need for intensive and continual
professional development to develop and maintain the
requisite skills.
Although the use of caregiver coaching is supported in the
literature and LSL practice guidelines, a recent scoping
review found that the current literature lacks a clear
description of caregiver coaching with families of children
who are DHH (Noll et al., 2021). Furthermore, very little
research has examined caregiver coaching from the
perspective of LSL practitioners. Gaining greater insight
into LSL practitioners’ knowledge, coaching practices, and
professional preparation can identify changes in practice
and professional development that could ultimately
result in higher quality services for children and families.
Therefore, the purpose of this qualitative study was to
understand practitioners’ experiences with coaching in
LSL early intervention (EI) services, including how they
define coaching, how they learned to coach, how they
engage caregivers in coaching, and practices they use in
their work with families. The specific research questions
addressed were:
1. How do LSL practitioners conceptualize coaching?
2. How do LSL practitioners describe how they coach
caregivers?
3. How do LSL practitioners incorporate and encourage
active caregiver participation and reflection in their
coaching practices?
Method
This qualitative research study included semi-structured
interviews and video observation discussions with
practitioners providing LSL services at one of three sites.
The design and methods were informed by the principles
of interpretive description (Teodoro et al., 2018; Thorne,
2016; Thorne et al., 1997, 2004). The foundation of this
applied qualitative research approach is to investigate a
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clinically relevant phenomenon and generate an inductive
interpretation to advance clinical understanding (Burdine et
al., 2020; Thorne et al., 2004). Research ethics approval for
this study was obtained from the University of Ottawa and
the CHEO Research Institute in Ottawa, Ontario (19/106X).
Participants

coaching was part of the purpose of these interviews,
the interviewer provided a cursory definition of coaching
to facilitate deeper discussion as the point at which they
“coach or teach caregivers to implement intervention
strategies themselves, throughout their daily routines, inbetween intervention sessions.”

Participants were selected from one LSL program in
Canada and two programs in the United States. These
sites were purposively selected to represent diversity in
service delivery models and chosen for their reputation
for providing exemplary LSL services. The sites were
accessed through personal networks of two authors, and
some of the practitioners were familiar with the first author,
who completed the interviews. Service delivery differs
between sites: on-site (Site 1), in the home (Site 2), and
an approach that includes both in-home and school-based
service delivery (Site 3). All practitioners at each site met
the following eligibility criteria and were therefore invited
to participate: (a) providing LSL services to families of
children who are DHH from birth to 3 years of age, and (b)
implementing family-centered services using a caregiver
coaching model, per each organization’s intervention
model. Practitioners were invited to participate in an
interview and guided discussion based on a short, selfselected segment of a video-recorded coaching exchange
between the practitioner and a caregiver. Permission was
obtained from site administrators to contact practitioners
directly via email. Information about the study was sent by
email, followed by a group meeting to allow practitioners
to ask questions and make an informed decision about
participation. The goal was to interview all practitioners
to gain an understanding of the coaching principles
and practices at each site, and all agreed to participate.
Informed consent was obtained from practitioners prior to
each interview and from caregivers prior to viewing each
video.

To supplement the interviews, practitioners self-selected a
portion of a video-recorded session and participated in a
guided discussion with the interviewer about the interaction
they selected (see Appendix B for video observation
guide). Practitioners chose a 10-minute segment that
contained a coaching exchange between the practitioner
and the caregiver. Since there is no agreed-upon definition
of coaching components or procedures (Noll et al., 2021),
the practitioners’ selection provided insight into what they
consider coaching and allowed for rich discussion of their
beliefs and practices in the context of the practitioner/
caregiver interaction. This component was not evaluative,
but rather was used to augment the interviews, giving
the practitioners an opportunity to explain their decisions
and coaching behaviors during an interaction with a
caregiver. This type of video-elicitation has been shown
to facilitate reflection and enable a deeper understanding
of participants’ thought processes (Hamel & Viau-Guay,
2019; Paskins et al., 2017).
Interviews and guided video discussions were audio
recorded, transcribed verbatim, and verified before being
uploaded into NVivo 12 (QSR International Pty Ltd., 2020),
a qualitative data analysis software used to organize and
facilitate analysis. The interview transcripts were combined
with the video-based guided discussion transcripts for
interpretation and analysis. Participant and site names
were removed and assigned pseudonyms to preserve
confidentiality in the final report. Videos were viewed
on the practitioners’ devices and not collected by the
researcher.

The intent of this study was to capture the diversity of
approaches among practitioners with regard to coaching,
while also gaining a broader understanding through
identifying similarities between practitioners implementing
LSL services in different contexts (Braun & Clarke, 2021;
Burdine et al., 2020; Thorne et al., 2016). The principles
of interpretive description informed efforts to generate a
deeper understanding of practitioners’ perspectives and
experiences, while recognizing the variability inherent in
applied practice (Abdul-Razzak et al., 2014; Burdine et al.,
2020; Thorne, 2016).

To ensure rigor and trustworthiness and account for
potential bias (Holmes, 2020), credibility processes were
incorporated throughout this study (Cypress, 2017). The
primary researcher conducted all interviews to maintain
consistency, critically reflected on her positionality,
participated in reflexive memo writing throughout data
collection and analysis, maintained a careful audit trail
and detailed field notes, and participated in frequent
debriefing sessions with members of the research team to
challenge assumptions, reflect, discuss, and refine codes
and themes. Practitioners were de-identified and quoted
directly to ensure adequate representation and thick
description of their perspectives. This study followed the
Standards for Reporting Qualitative Research (O’Brien et
al., 2014).

Data Collection and Analysis
Individual, semi-structured interviews were conducted
in person at the two intervention sites in the United
States from February to March 2020. Interviews with the
Canadian practitioners were completed from July to August
2020 using Zoom video conferencing software due to
COVID-19 pandemic restrictions put into place during data
collection. Practitioners were asked to describe how they
learned to coach and to share their overall experiences
with caregiver coaching (see Appendix A for interview
guide). Although examining how each practitioner defined

The primary researcher who completed the interviews and
data analysis is the parent of a child who is DHH and an
experienced LSL EI practitioner. This dual perspective,
along with experience in caregiver coaching, provides a
unique lens through which to identify and examine matters
of clinical significance, and informed the design of this
research.
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Results: Underlying Beliefs Drive Process and
Promote Participation
All practitioners recruited at each intervention site agreed
to participate, as did the program directors at two sites,
both of whom are still providing services to families, for
a total of 14 interviews (see Table 1 for demographics).
The site distribution was as follows: Site 1, n = 4; Site 2, n
= 6; Site 3, n = 4. Eight practitioners supplied video clips
to supplement their interviews. Video recordings were
prohibited once pandemic restrictions were implemented,
limiting the number submitted.
The video discussions provided rich and informative
insight into practitioners’ conceptualization of coaching
and illustrated differences in their approaches that were
not evident in the interviews. The majority of practitioners
reported that they chose clips that demonstrated a typical
rather than ideal coaching exchange with caregivers. The
videos allowed the practitioners to elaborate on and explain
their coaching practices and decisions in real time.
All practitioners ascribed to caregiver coaching and
reported efforts to actively engage caregivers in
intervention. However, variations existed between sites
Table 1
Demographics
Variable

Percentage

1–4 years

3

21.43%

5–10 years

3

21.43%

11–15 years

1

7.14%

16–19 years

1

7.14%

20+ years

6

42.86%

ToD

10

71.43%

SLP

3

21.43%

AVT only

1

7.14%

LSLS Cert. AVEd®

4

28.57%

LSLS Cert. AVT®

1

7.14%

Not certified

9

64.29%

13

92.86%

1

7.14%

10

71.43%

Canada

2

14.29%

Australia

1

7.14%

Egypt

1

7.14%

Time in Early Intervention

Professional Designation

Certification Status

Highest Degree
Bachelors
Country Where Degree Conferred
USA

Underlying Beliefs
Practitioners revealed how they conceptualize coaching
and their underlying beliefs related to caregiver capacity,
and many of the practitioners discussed how experience
and new learning shifted their beliefs over time. These
underlying beliefs impacted how they talked about the
process of coaching and expectations for caregiver
participation in intervention sessions.
Caregiver Capacity

Number

Masters

and among practitioners as to the definition and specific
practices they incorporate in their LSL intervention with
families. As understanding of the practitioners’ perspectives
increased, an overarching concept became clear: the
underlying beliefs practitioners held about the role and
capacity of caregivers impacted both the process of
coaching and the ways in which they engaged caregivers.
As such, we identified themes in three categories: (a)
underlying beliefs: caregiver capacity, conceptualizing
coaching, and perspective shifting; (b) process: equipping
and shared understanding of concepts and procedures;
and (c) participation: built on relationship, engagement
leads to empowerment, matching goals to caregiver
priorities, and recognizing challenges. See Figure 1 for a
graphic representation of themes and subthemes.

Note: ToD = Teacher of the Deaf; SLP = Speech-Language
Pathologist; AVT = Auditory-Verbal Therapist (practicing, but
without official certification; undergraduate degree in special
education); LSLS Cert. AVEd®/ AVT® = Listening and Spoken
Language Specialist Certified Auditory-Verbal Educator/Therapist

Practitioners discussed their views about caregiver capacity
and desire to engage in coaching as certain and expected
of all caregivers or based on extenuating circumstances,
and therefore variable. The majority of practitioners
expressed belief in caregiver capacity; however, five
practitioners from one site expressed that although they
believe caregiver coaching is ideal, it is not always feasible.
Of Course They Can. All practitioners from two sites
and one from the third site expressed the belief that
caregivers can and will engage meaningfully in caregiver
coaching. Several participants recounted instances in
which caregivers chose not to participate in coaching, but
indicated that it was rare and they were “not okay” with it,
but ultimately, they indicated that choice belonged to the
caregiver. In some cases, the practitioner provided direct
service to the child rather than coaching and in others, the
caregivers sought services elsewhere. Alexis shared her
frustration with other practitioners in this way: “Therapists…
make assumptions on what the parents are feeling. ‘Oh,
they’re not ready…they’ve already been through too much.’
And it’s like, ‘No, let’s ask them, because it might be the
one thing they think they can do.’”
The assumption that the majority of caregivers will engage
in coaching was particularly evident in the self-selected
video clips. Several practitioners chose families who were
facing significant challenges that might have impacted their
ability to fully engage in coaching. However, the practitioners
shared the obstacles the caregivers had overcome and how
proud they were of the progress they had made, indicating
that they believed in their capacity to engage and benefit
from coaching despite the challenges they faced.
Coaching is Conditional. In contrast, five practitioners
talked about coaching as the ideal, but not always
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Figure 1
Practitioners’ Experiences with Caregiver Coaching in Listening and Spoken Language Practice

Note: This is a visual representation of the themes (circles), subthemes (rectangles), and codes within the subthemes
(bullet points) from the data. The arrows indicate directional relationships between the themes.

possible, citing reasons such as caregiver personality
and family situational factors. These practitioners used
words such as “awkward” and “uncomfortable” to describe
coaching interactions and described some caregivers as
“pretty fragile,” and, as such, they did not want to push
them too hard to engage in coaching. Ann reported,
“Sometimes it just, it does not matter how well you explain
it, it’s not going to happen.”
These practitioners identified strategies they might use
to encourage engagement, such as using siblings as an
example and “indirectly modeling” in an effort to encourage
the caregiver to take a turn. These practitioners, all from
one site, discussed coaching as if it were the exception,
rather than the norm. These same practitioners reported
lower levels of self-efficacy with regard to their coaching
practices and were less likely to report supervisor and/or
colleague accountability as a regular part of their practice.
Conceptualizing Coaching
Defining Coaching. The definition and practices of
coaching varied widely. According to Kelly:
Everybody gets this big global idea, but then
when it comes down to how you implement it
and which parts are really the most important,
you probably get many varied answers…the

biggest definition I would have is…it’s about
walking alongside a family.
In general, practitioners within each site shared similar
viewpoints of what caregiver coaching is and the practices
that comprise it, although differences between sites were
considerable. These differences included which parts of
an intervention session are considered coaching, specific
practices that should or should not be included during
coaching, and the terminology used to describe specific
coaching practices. Site 1 practitioners conceptualized
coaching as the teaching portion of a session, when
practitioners provide information or explain strategies,
rather than the activity part of the session, when strategies
are applied and practiced. Site 2 practitioners considered
coaching to encompass most of an intervention session,
including providing information, explaining and/or
demonstrating a strategy, practicing in the context of an
activity, and reflecting with the caregiver. Site 3 practitioners
conceptualized coaching as a specific part of the intervention
session, when the caregiver engages in an activity with their
child, incorporating LSL strategies while the coach sits back
to observe and provide feedback, and reflection with the
caregiver after the completion of the activity.
These differences were especially apparent as the
practitioners discussed their video clips and shared what
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they considered to be a typical example of a coaching
exchange. One site has developed specific criteria and
protocols for coaching practices, and accountability is built
into their organizational professional practices through
regular reflective supervisory and collaborative team
meetings. Practitioners at this site, in particular, clearly
articulated their coaching practices using shared language
as a staff. Practitioners from the other sites shared the
same general criteria for coaching as their coworkers,
although more variability existed in how they talked about
their coaching practices.
Evidence of Progress. Practitioners discussed methods
for determining whether caregiver coaching was effective in
terms of caregiver learning and the child’s LSL outcomes.
All practitioners reported using a variety of formal and
informal assessments to document child progress, and
several talked about attributing child progress to their
caregivers learning LSL skills and implementing them
at home. No practitioners reported the use of a formal
measure for documenting caregiver learning through
coaching. A few mentioned informal measures for
assessing caregiver learning, such as observing their
interactions with their children during intervention sessions.
Sara indicated that observing how a caregiver talks with
her child provides insight into how well she has learned
intervention strategies, saying, “She will talk to him, she will
tell him, she will comment about what’s going on, parallel
talk, self-talk. She will be a talkative parent.”
Time is of the Essence. Another conceptualization of
coaching was evident in how practitioners viewed their
time with families. Several of them talked about the value
of the length of time they are able to work with families—
typically approximately three years—which afforded
them the opportunity to establish trust and develop a
meaningful coaching relationship. Several practitioners
viewed caregiver coaching as a way to make the most of
a 45–60-minute intervention session, and indicated that
they value the time caregivers commit to intervention and
do not want to waste a moment of it. The value of time
was also evident in the emphasis practitioners placed
on teaching caregivers concrete skills to carry over into
naturalistic environments, to optimize their child’s learning
during the critical period for language development. Sara
shared that it upsets her when she sees other practitioners
“waste the critical age” for a child’s language development.
She went on to explain that intensive intervention during
this critical period is crucial, stating, “I’m very keen for all
my kids not to waste a day.”
Perspective Shifting
All practitioners indicated that perspectives about caregiver
coaching can change over time, through experience and
professional development. Eight of the practitioners have
worked in EI for more than 10 years, and many discussed
how their understanding and expectations for caregiver
coaching in LSL practice have evolved over the course
of their career. However, even the less-experienced
practitioners mentioned that their perspective about caregiver
coaching has evolved since they began working with families.

Are We Doing What We Say We’re Doing? Five of the
practitioners described the shift to caregiver coaching
as an internally-motivated decision to more explicitly
engage caregivers in intervention sessions. Practitioners
questioned whether their intervention practices reflected
their conceptualization of caregiver coaching, as they
claimed, or if they needed to implement changes to best
serve families. Olivia described a desire for improvement,
stating, “I knew what we were doing was good work, but
I also knew that what we were doing could of course be
better, because it can always be better.” She recalled a
conversation with her coworkers during which they agreed
that the caregivers should be making the decisions and
engaging with their child during sessions, and, as a result,
they decided to change their coaching practices. However,
they were not without doubts. Olivia recalled that they
initially “did not trust that the parents would be able to rise
to the occasion,” indicating a skepticism that had to be
overcome to change their practice, despite their conviction
that it was a worthwhile change.
I Had to Be Convinced. Nine practitioners shared that
their reasons for changing their coaching practices were
more externally-motivated. They described a shift in
thinking after learning about changing recommendations
in the field; however, several reported that the decision to
change their practices ultimately resulted from being held
accountable to implement coaching by a supervisor and
their colleagues. Several of these practitioners reported
doubt that relinquishing control of the intervention would
be effective, but were convinced after caregivers were
willing and able to actively participate in coaching. Susan
described this initial hesitation and how she was eventually
convinced of the feasibility of coaching:
I didn’t believe it at first…I thought parents
needed me to be telling them everything…I just
didn’t really realize the power of empowering
them…When we really started doing it…we saw
the parents be more responsible and kind of
doing things on their own…I think it empowered
us, as well, to believe this was a good thing.
Four practitioners reported learning about coaching
and believing that it should be implemented, but are still
working to change their practice. This was reflected in their
reported perception that coaching is conditional, impacted
by external circumstances.
Practice Makes You a Better Coach. Although a few
practitioners reported feeling confident in their ability to
coach from the beginning, most said that they gained
confidence with experience, which changed their
perspective on coaching. Kelly described making the
adjustment from teaching in an LSL classroom to coaching
caregivers, indicating that there was a significant learning
curve. Over time, she reported gaining confidence,
stating, “More practice with coaching just makes you a
better coach.” However, four practitioners indicated that
although they feel more confident now than they did
when they began coaching, they still feel uncertain about
their coaching abilities. Interestingly, this included two
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practitioners with more than ten years of experience who
reported that they are still working to gain confidence in
their skills as a coach.

or strategy.” Olivia felt strongly about using video for selfreflection, declaring, “The most enlightening thing is to
videotape yourself.”

Process

Community of Practice. Another facilitator for coaching
was regular interaction with colleagues with whom
practitioners can share ideas, problem-solve, and
pursue professional learning and development. Several
practitioners mentioned the value of learning and growing
together and stated that they appreciated having someone
with whom to problem-solve difficult situations. Paula
articulated the importance she places on sharing with
her colleagues by saying, “It’s nice to have peers with
experience in the same boat as you, that you can talk
to…I’m not an individual provider out there by myself.
Because we do give each other a lot of feedback.”

Coaching practices varied among practitioners and
sites, including coaching components and how they are
implemented. Practitioners described how they learned to
coach and discussed factors that facilitate their coaching
practice, including ongoing professional development,
systems of accountability, and support from colleagues
sharing similar experiences.
Equipping

Practitioners indicated that caregiver coaching requires
specialized training and ongoing support that they did
not necessarily gain in their professional preparation
programs. Practitioners highlighted several components
that went into equipping them with the knowledge,
skills, and confidence necessary to effectively coach
caregivers.
Coaching Requires Different Skills. All practitioners
acknowledged that coaching caregivers requires a
different skillset than teaching children, which is primarily
what they learned in their professional preparation
programs. Jessica shared, “I was…very nervous
because…the whole responsibility of…teaching a family…
versus working with a child…I knew that required a whole
other set of skills.” Four practitioners reported learning
about coaching in their graduate programs, although
only two of them reported this as a primary focus of
their training. Other ways practitioners reported learning
coaching skills included professional development
activities, on-the-job learning, and mentoring from more
experienced practitioners. Nine practitioners reported
that providing tele-intervention services sharpened their
coaching skills, and six reported refining their skills
through teaching other professionals.
Many practitioners reported a desire for more opportunities
to develop their skills, including Hannah, who put it this way:
“I want to…coach the parents to teach their child. I feel like
a link that’s missing is—who’s coaching me to do that?”
Accountability. Several practitioners mentioned
accountability as a facilitator for coaching. They described
accountability as answering to and brainstorming with a
supervisor and colleagues about their coaching practices
and challenges, as well as the responsibility inherent in
training others to coach. The practitioners at Site 3 in
particular shared how much they value having a supervisor
who has high expectations and holds them accountable, to
which they attributed gaining confidence in their ability to
coach caregivers.
Practitioners from Site 3 also shared that part of their
accountability practice included video recording sessions
and reviewing them with a supervisor as well as using
them regularly for self-reflection. When discussing her selfselected video clip, Ann shared an example of supervisory
reflection when she stated, “This is a moment where
(director) helped me through a part that could be coaching

Shared Understanding of Concepts and Procedures
According to the practitioners, a shared and clear
understanding of coaching principles, components, and
procedures was a facilitator for gaining confidence and
implementing coaching with fidelity. Susan reported that
“there’s certain components of every session that we
know need to happen in order for it to be well done.”
Alternatively, a lack of clarity impeded coaching practices,
resulting in a lack of confidence in coaching skills for some
practitioners.
Several specific coaching practices were identified during
the interviews including: checking in, setting goals,
explaining the strategy, demonstration, observation, an
opportunity to practice, providing feedback, reflection,
planning for carryover, and wrapping up. Of these, reflection
was reported as most difficult by many practitioners. They
described it as “difficult,” “challenging,” and “uncomfortable,”
and several considered it “an area of growth,” and, as a
result, they did not always include it as a component of their
coaching. Two practitioners reported that it was difficult
when they first incorporated reflection into their coaching
practice, but, as Kelly stated, “Now it feels pretty natural.”
Practitioners also shared practices that supported the
coaching exchange, including establishing the expectation
for caregiver engagement and providing information to
caregivers. Practitioners felt that these practices were
particularly important at the onset of EI services and
during transitions, such as preparing to exit EI services. As
coaching practices varied between sites, not all of these
components were included by all practitioners in every
coaching session.
Participation
Practitioners’ expectations and experiences regarding
caregiver participation derived from their underlying beliefs
about the capacity of caregivers to engage in coaching.
Their expectations for participation ranged from full,
active participation in all aspects of the session, including
choosing goals, to expecting caregivers to take a turn
after the practitioner modeled a strategy with the child. All
practitioners agreed that caregiver engagement is a crucial
criterion for coaching.
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Built on Relationship
A Foundation of Trust. All practitioners reported that a
foundation must be built with a family before establishing a
meaningful and effective coaching relationship, and eight
practitioners specifically mentioned trust as an important
component of that foundation. For example, when asked,
“What makes coaching work?” Kelly replied, “I think trust is
the most important thing.”
It’s a Dance. Twelve of the practitioners mentioned that
every family is different and adapting coaching to meet
individual needs is an important skill for a practitioner
to develop. Stephanie described adjustments made to
coaching practices to meet families “where they are” in this
way: “So, it’s sort of a dance…it’s so different for different
parents and different children.”
Engagement Leads to Empowerment
All practitioners agreed that the goal of caregiver coaching
is to empower and equip caregivers to facilitate language
growth in their children and the most effective way to do
that is to actively engage caregivers in sessions. According
to Susan, “It’s all about empowering the parents and
helping them believe that they have the skills in order to do
this.” However, they all reported that this is challenging at
times. Practitioners reported expectations for engagement
on a continuum, ranging from observing to taking the lead
in all aspects of the session.
It’s a Process. Practitioners reported that some caregivers
are hesitant to engage during sessions, preferring to
observe rather than participate, and described efforts to
increase engagement as a process that can take time.
Patrice described using demonstration to help caregivers
understand the expectation: “Even the families who aren’t
there yet, you’re mostly demonstrating…they’re the ones
who won’t take a turn, even in spite of your best efforts…still
it’s engaging them and pulling them into seeing their role.”
Handing it Over. One level of engagement that
practitioners reported was that of taking a turn following
demonstration of a strategy. In this scenario, practitioners
lead the session and expect the caregivers to actively
participate. Most practitioners described this as an
acceptable level of engagement, as it gives caregivers
an opportunity to practice skills during the session,
during which the practitioners can offer feedback and
encouragement. Carrie described her approach in this
way: “I will say, ‘Ok, so I will start. So, the cow says moo,
and then I wait.’ And then I’ll just take the bag and give it to
the parent, ‘your turn.’”
Taking the Lead. Some practitioners expect an even
greater level of engagement from caregivers, in which
they take the lead and participate in all aspects of the
session, including establishing goals for the session and
deciding which activity they would like to use to target
them. For these practitioners, the primary focus of the
session is the caregiver/child interaction, and they see
their role as facilitators who observe and provide feedback.
One site’s approach to coaching hinges on this premise;

their practitioners generally do not engage with the child
directly and use demonstration minimally. When describing
this level of engagement, Paula said, “The parents would
do the activity with the baby. My goal is to sit there and
coach…offering suggestions, making comments about
what’s good and what needs work.”
Matching Goals to Caregiver Priorities
Practitioners talked about the value of partnering with
caregivers to choose goals that are meaningful to them.
Kelly described a time when she struggled to get a
caregiver to engage, and once she realized that her
goals for sessions did not necessarily match what the
caregiver wanted for his child, she elicited his ideas, and
his engagement completely changed. She said this helped
her realize the importance of listening to caregivers when
choosing goals because, “It’s just something that sticks
and it has more value to them because they were engaged
in making the decision.”
Building on Families’ Routines. Twelve practitioners
talked about the importance of teaching LSL strategies in
the context of a family’s daily routines to optimize language
learning. They achieved this by using routines for their
session activities, such as snack time and outdoor play,
or teaching strategies using specific toys or activities,
making sure to discuss ways caregivers could use the
same strategies in the natural context of their everyday
lives. Dawn reported that she teaches families that
specialized toys or structured activities are not required
for implementing LSL strategies, telling them, “If you don’t
do anything else, narrate life…talk to them all the time and
make them aware of things they hear and see.”
Recognizing Challenges
In addition to the challenges practitioners reported with
implementing coaching related to their principles and
process, they shared perceived challenges related to
caregivers’ active participation in coaching.
Convincing the Caregiver. Twelve practitioners
mentioned the perception that a caregiver’s lack of buyin is a barrier that must be overcome to establish a good
coaching relationship. Some practitioners attributed lack of
buy-in to the fact that some families expect direct therapy
for their child and do not understand or subscribe to the
coaching model. They talked about strategies they use to
convince the caregiver of the effectiveness of coaching,
including clearly explaining the expectations and setting
them up for success so they experience the benefits
first-hand. Susan reported that most of her caregivers
eventually “come around.” She said, “It’s not very natural
for some parents…it takes a little while…once they see
that the suggestions I’m giving them…helping the speech
get better or helping the language get better…then they
start believing that my suggestions are good.”
Less-than-ideal Circumstances. Other perceived barriers
that practitioners reported were difficult family situations,
including low socio-economic status, single parenthood,
and having a child with complex needs in addition to
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hearing loss. They shared that they were empathetic to
families’ struggles and understood that not all of them
would be able to fully engage in coaching. Brenda shared,
“There are families who…never bought in…maybe it’s too
much work and they are already overwhelmed with other
things...their kids are maybe more complex…are not as
successful.”
Discussion
The results of this study contribute to the literature by
explicating the perspective of LSL practitioners using
caregiver coaching in their work with families of children
who are DHH. It is clear that LSL practitioners value
caregiver coaching and believe it is an effective means
for impacting child outcomes, and they work to actively
engage caregivers during intervention sessions. The
findings indicate that the underlying beliefs practitioners
hold about caregivers’ capability and their own coaching
competency impact their coaching practices and how
they partner with caregivers in LSL intervention. This
study highlights practical actions practitioners can take to
facilitate caregiver coaching.
Although the conceptualization and practices of coaching
varied between sites, the common thread was active
caregiver participation during intervention sessions.
This supports previous research that reported EI
practitioners’ perspectives that active engagement in
coaching promotes caregiver competence and leads
to empowerment as caregivers realize their crucial role
in supporting their child’s development (Meadan et al.,
2018). In this study, how practitioners engaged caregivers
was linked to the practitioners’ underlying beliefs in the
caregivers’ willingness and ability to engage in their child’s
intervention. This aligns with principles of adult learning,
particularly the need for caregivers to practice skills
in a meaningful context and receive feedback on their
performance (Dunst & Trivette, 2009b). All practitioners
maintained that caregivers can and should be involved
in the coaching process, although their expectations
for the extent of involvement varied. Expectations of
caregiver participation ranged from leading the sessions to
actively taking a turn following practitioner demonstration.
However, some of the practitioners discussed the
challenges of engaging caregivers and shared what they
felt were valid reasons for lack of participation, indicating
an implicit belief that active engagement in caregiver
coaching is the exception and some caregivers may be
unwilling or unable to participate. This aligns with recent
research in which practitioners reported difficulty getting
caregivers to engage and step out of their comfort zone
in sessions (Douglas et al., 2020). Practitioners in the
present study who successfully engaged caregivers
reported that they did so by establishing clear expectations
and matching goals to caregiver priorities.
The results from this study indicate that practitioners must
believe in a caregiver’s willingness and ability to engage
meaningfully in coaching, as well as have confidence in
their own coaching abilities, to establish a consistent and
successful coaching relationship. These two fundamental

beliefs are inexplicably linked; as practitioners become
convinced of caregivers’ capacity, their feelings of selfefficacy increase because they experience coaching as
successful. Likewise, as their self-efficacy increases,
they are better able to engage with caregivers in ways
that facilitate their active engagement in sessions.
Research relating to self-efficacy suggests that it is a
malleable concept that can be influenced by intensive
and specialized professional development and training
(Bruder et al., 2013). Our results support this finding,
as practitioners reported that underlying beliefs can
change, either through successful coaching experiences
or professional development specifically targeted at
improving caregiver coaching skills.
However, our results suggest that knowledge of coaching
alone is not enough to change practitioner behavior.
It is evident from the results that pairing knowledge
with accountability and a community of practice (CoP)
facilitates the implementation of caregiver coaching. A
CoP is a group of individuals with shared expertise and
a desire to learn together (Li et al., 2009; Wenger, 2010;
Wenger & Snyder, 2000) and has been recommended
as a means to bridge the research-to-practice gap in
a variety of health contexts, including audiology and
speech-language pathology (Li et al., 2009; McCurtin
& O’Connor, 2020; Moodie et al., 2011). CoPs can be
informal or formal in structure, and have been used to
provide mentorship, learn and share new knowledge,
and foster a sense of belonging between members (Li et
al., 2009). This aligns with early childhood intervention
professional development research that found several
key components of successfully implementing newly
learned practices: (a) opportunities to discuss and reflect
on practice experiences; (b) coaching, mentoring, and
performance feedback during training; and (c) ongoing
follow-up by supervisors, mentors, and peers to reinforce
learning (Dunst, 2015). All of these can be accomplished
through establishing a reflective community of like-minded
practitioners who are working to implement coaching
practices in their work with families and the accountability
that stems from actively learning and growing together.
Several of the practitioners shifted their understanding
of coaching, but not enough to change their belief in
caregiver capacity. The way that they described their
coaching practices and level of confidence did not
align with a change in their underlying beliefs. Whether
practitioners adopted caregiver coaching due to extrinsic
or intrinsic factors or started this work convinced that
caregiver coaching works or had to be convinced, their
underlying beliefs guided their coaching practices. Our
results suggest that although practitioners can decide to
change their behavior, fully embracing the fundamental
beliefs of caregiver capacity and their own self-efficacy
may be what facilitates a lasting change in coaching
practices. Therefore, intentionally adding accountability
and a reflective CoP into a program may scaffold the shift
in underlying beliefs that facilitate caregiver coaching.
Although not designed as a comparative study, a few
important differences in how practitioners talked about
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caregiver coaching between the three sites were noted.
The literature has long reported a lack of operationalized
definitions and practices in caregiver coaching (Friedman
et al., 2012), and more recent research indicates that this
lack of standardization persists in both the EI and LSL
literature (Noll et al., 2021; Ward et al., 2020). Similarly, the
practitioners in this study differed in their conceptualization
of coaching. Practitioners from one site defined coaching
narrowly and the practitioners operated from a very
specific set of procedures. These practitioners expressed
confidence in their approach because they knew exactly
what they were expected to do and were held accountable
for doing so. Another site defined coaching more broadly
and the practitioners described their practices more
variably. Both of these sites loosely based their practices
on the Rush and Shelden (2005, 2019) framework for
caregiver coaching. The final site, however, did not use
the same language when talking about their coaching
practices, and reported that they coached according to the
conventions of AVT, even though they did not all hold LSLS
AVT® certification. It is likely that differences in training
and background tradition at the three sites accounted
for some of these differences. Interestingly, the specific
conceptualization of coaching seemed to have a lesser
impact on practitioner confidence in the implementation of
coaching than having a clear understanding of the distinct
practices they considered to comprise coaching. This
suggests that caregiver coaching may be facilitated by
well-defined and clearly articulated coaching practices.
The practitioners at one of the sites were more likely to
talk about coaching as conditional and seemed to have
less confidence in their ability to engage the caregivers
in coaching consistently. Previous research suggests that
practitioners sometimes find coaching challenging due to
conflicting expectations or family circumstances, such as
a perceived lack of motivation, stress, or socioeconomic
factors, which they consider barriers that may preclude
families from actively engaging in coaching (Douglas
et al., 2020; Meadan et al., 2018). In this study, some
practitioners talked about coaching with more variability
and less certainty than others. Practitioners who used
words like “awkward” and “indirect modeling” when talking
about their interactions with families indicated ambiguity
in what coaching should entail, which likely impacted their
ability to implement it with confidence and consistency.
The practitioners who talked about coaching this way
also detailed a lack of confidence in their ability to coach.
The practitioners who articulated clear expectations for
coaching practices reported greater confidence in their
coaching ability, which aligned with previous research
indicating that clearly-defined procedures facilitated
practitioners’ confidence in implementing coaching
practices (Salisbury et al., 2018). This indicates a need for
the development of clear standards of practice and highquality professional development to address caregiver
coaching in LSL practice.
Implications for Practice
It was clear from our results that caregiver coaching
was facilitated at sites that had established well-defined

coaching practices. As suggested by previous researchers
(King et al., 2021), a need exists for the establishment
of a standard of practice for caregiver coaching among
programs offering LSL services to families. This presents
an opportunity for professional preparation programs to
evaluate whether they are developing proficiency specific
to caregiver coaching in future LSL practitioners, as well as
for the establishment of targeted professional development
and mentoring programs to support practitioners working
with families. There have been recent efforts by seven
national professional organizations, including the American
Speech-Language-Hearing Association, to establish crossdisciplinary competencies for EI practitioners, including
family-centered practices, although not specific to caregiver
coaching (Bruder et al., 2019). Certification bodies
specific to LSL practice such as AG Bell Academy may
wish to consider establishing standards and embedding
targeted training for coaching caregivers in the certification
process, as well. According to the practitioners in this
study, coaching caregivers requires different skills than
teaching children who are DHH. There is a need to define
practitioner competencies for effectively teaching adult
learners and to develop robust and highly specialized preservice and in-service professional development programs.
The results of this study suggest that underlying
perceptions can impact coaching practice, so the inclusion
of intentional reflective practices may facilitate a change in
practice. Additionally, establishing a CoP, which facilitates
peer-to-peer reflection, problem-solving, and learning, as
well as accountability practices that promote caregiver
coaching may improve practitioners’ confidence in
coaching caregivers. Programs that provide LSL services
to families of children who are DHH can incorporate these
elements into their practice to foster the development of
coaching skills, as well as develop consistency and fidelity
of implementation.
Limitations
This study was not without limitations. The Canadian
practitioners were interviewed after their sessions shifted
to online service delivery due to COVID-19 restrictions.
Although most practitioners indicated that tele-intervention
was a facilitator for their coaching, it was not without its
challenges, and may have impacted their perceptions
about the coaching experience. COVID-19 restrictions also
limited the number of videos we obtained due to privacy
concerns arising from recording intervention sessions
conducted on Zoom. The videos we did receive were fairly
well distributed across all three sites, added depth to our
interviews, and strengthened our analysis of coaching
practices. Using video for reflective discussions on a
broader scale would be an interesting direction for future
research.
Personal connections were used to access the intervention
sites and the first author was familiar to some of the
practitioners due to shared professional experiences.
Although this may have impacted how freely practitioners
shared their experiences, intentional procedures were
followed to reduce bias and ensure that practitioners
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understood the non-evaluative intentions of the inquiry.
While shared disciplinary understanding of clinicallyrelevant issues is a hallmark of Interpretive Description
and the researcher’s pre-understandings are critical for
generating meaningful and practical findings (Thorne,
2016), we took steps to ensure rigor, including careful
reflexivity, frequent debriefing, transparency, and
maintaining strict confidentiality (McDermid et al., 2014;
Shenton, 2004). As a result, we believe the author’s
disciplinary experience provided deep insight and
resulted in practical, applicable findings that provide new
understanding of caregiver coaching in LSL practice.
Additionally, although it was valuable to elicit the
perspectives of practitioners from three different sites,
a larger study would provide more information about
coaching practices of LSL practitioners, and comparative
case studies would be beneficial to understand the
differences among intervention sites. It would also be
interesting to examine the perspectives of practitioners
following the wide-spread implementation of teleintervention due to COVID-19 restrictions. Future research
could include an examination of differences in training
(speech-language pathology versus deaf education),
service delivery models, LSLS certified versus noncertified, and characteristics of the demographic of
caregivers served. Additionally, there is a significant need
for studies that measure caregiver and child outcomes as
a result of caregiver coaching.
This study provides a unique contribution to the LSL
literature by examining caregiver coaching from the
perspective of the practitioners who implement it. The
results indicate an interplay between practitioners’
underlying beliefs and their practices, including how they
engage caregivers in intervention. Our results suggest that
a practitioner’s beliefs, especially about caregiver capacity
and self-efficacy, are the key to implementing caregiver
coaching with confidence and consistency. If practitioners
have a clear understanding of coaching components, build
skills through professional development and a supportive
CoP, and are held accountable for implementing
coaching practices, they are more likely to report positive
experiences with coaching caregivers. Ultimately,
increasing practitioners’ self-efficacy may lead to more
fully engaging caregivers in intervention, which is likely to
improve LSL services and optimize child outcomes.
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Appendix A
Practitioner Interview Guide
Study ID ________________						

Date________________

Purpose: The purpose of this interview is to learn more about your experiences implementing AV/LSL services for
families of children with hearing loss. Specifically, I am interested in learning about how you ‘coach’ or teach caregivers to
implement intervention strategies themselves, throughout their daily routines, in between intervention sessions. I am also
interested in learning about how you learned to coach caregivers.
Procedure: Before we begin, I’ll ask you to fill out a short information sheet about your work. Next, I will ask you some
questions to guide our conversation, but please feel free to talk openly about your experiences and add anything that you
think is important. Please don’t hesitate to ask questions.
Interview information:
Location of interview:

Clinic		

Informant’s professional background:
LSLS certified:

School		

SLP		

Yes		

Other: __________

TOD		

No		

Other: __________

Working toward certification

Interview questions:
1. How long have you been in this field? How long have you been working with the birth–3 population specifically?
2. I know that all sessions are different, but can you describe a somewhat typical session?
Prompt: Who participates in sessions, generally?
Prompt: Where do you normally have sessions?
Prompt: What kinds of activities do you do during sessions?
Prompt: Can you tell me a little about the structure and sequence of your sessions?
3. Can you describe an ideal session?
Prompt: Where would it be located? Who would participate?
4. What do you like about working with this age group? What do you find challenging?
5. I’m specifically interested in learning more about coaching in AV/LSL services. How would you define coaching?
Prompt: What does this look like in a typical session?
Prompt: In your opinion, what are key characteristics of coaching in an intervention session?
6. How did you learn about caregiver coaching?
Prompt: Did you learn about coaching during your graduate training? Through professional development
trainings at your workplace or conferences?
Prompt: Please tell me more about how you learned to coach.
7. Do you use a particular model of coaching in your work?
Prompt: Did you learn about coaching models in your training? If so, which ones?
8. How do you incorporate reflection in your practice?
Prompt: What role did reflection play in your training?
Prompt: Did someone teach you how to reflect? What did that look like?
Prompt: Do you incorporate reflection in your sessions with parents? What does that look like?
9. When you began working with the birth–3 population, how confident were you in working with caregivers?
Prompt: How has your confidence changed with experience?
Prompt: What did you do to increase your confidence?
Prompt: How confident are you now?
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10. Has your practice changed over time? If so, in what ways?
Prompt: Has your philosophy changed at all since you started practicing? If so, in what ways?
11. What do you think the caregivers’ role should be in the early intervention or therapy process? How would you
describe your role?
Prompt: How are targets for sessions determined?
Prompt: How are the overarching long-term goals determined, such as IFSP goals?
Prompt: What kinds of strategies do you use to establish roles or encourage caregivers to take on the
role you feel is important in the intervention process?
12. How do you encourage caregivers to be actively involved in sessions? In the early intervention or therapy process
in general?
Prompt: How do you elicit participation during an activity?
Prompt: What do you do if a caregiver is not actively involved?
13. What is your opinion about coaching caregivers as an intervention strategy?
Prompt: What do you think are the benefits of coaching? What are the challenges?
14. What would you say is the most important thing for a good coaching relationship? What is most important for
effective services overall?
15. Is there anything you’d like to discuss about coaching caregivers that we haven’t covered?
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Appendix B
Practitioner Video Observation Guide
Study ID ________________						

Date________________

Purpose: The purpose of this observation is to provide you with an opportunity to explain your thoughts and decisionmaking process within a coaching interaction. My purpose is not to evaluate your coaching, but to better understand
your thought process during a coaching exchange with a caregiver. In addition to the information you provided during our
interview, this will add to my understanding of your coaching practices in intervention sessions with caregivers. I am also
interested in how you reflect on your practices as we watch the video together.
Procedure: We are going to watch a 10-minute clip of an intervention session that you provided to me. I will stop the
video at certain points to ask questions, and please feel free to ask me to stop it when you’d like to comment or explain
something. I am specifically interested in talking about how you are coaching or teaching the caregiver in the interaction.
Again, I will ask you some questions to guide our conversation, but please feel free to add anything that you think is
important and don’t hesitate to ask questions.
Session information:
Location:

Home

Clinic		

Other: __________

Caregiver(s):

Mother

Father

Both

Age of child: __________

Other: __________

Length of time working with the family: __________

Video observation questions:
Before
1.

Have you ever watched your sessions on video before? If so, for what purpose (performance evaluation with your
supervisor, personal reflection, peer reflection, certification purposes, etc.)?
Prompt: Have you found this useful in your work?

2. Is there anything you would like to tell me about this family or interaction before we begin?
During
Throughout the observation, the following prompts may be used, where appropriate:
•
•
•
•
•

Can you explain to me what was happening there?
I noticed that you paused there. What were you thinking?
What prompted you to make that decision?
What just happened there?
How did that compare with what you were aiming for?

After
1. What are your general thoughts about this coaching interaction?
Prompt: What do you think went well? What do you think could have been better or different?
Prompt: How effective do you think this interaction was in achieving the goals for the session?
2. Do you think this is a good example of a coaching interaction? Why or why not?
3. How is this coaching exchange similar or different from your typical sessions with this family? What about with
other families?
Prompt: Do you use similar or different coaching strategies with each family?
Prompt: How do you decide which strategies to use with each family?
4. Is there anything else you would like to share about this coaching interaction? Or about the video observation
process in general?
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Growth of the Internet as an information resource has provided expanded opportunities for families to easily gather
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options for their children who have been identified as deaf or hard of hearing. A review was undertaken between August
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It is common practice that people will use the Internet to
search for information on a range of topics including those
of a medical concern. In 2001, the Pew Research Center
reported that 72% of mothers sought medical information
on the Web during the time frame March–May 2001
(Allend & Raine, 2002). Although Internet use is slightly
lower among certain groups (lower socio-economic and
education), it is still above 75% across race, income, and
education. Among parents who actively use the Internet,
61% had made use of governmental websites (Allend
& Raine, 2002). The most popular way of searching for
information is a generic search engine (87%). Parents of
children who are deaf and hard of hearing visit websites
specializing in hearing loss (44%) or those recommended
by other parents of deaf children (31%). In 2019, 94% of
respondents to a survey on Internet use indicated that they
used Facebook for health information (Houston, 2021).
A 2005 study published in JAMA Otolaryngology found
that 48% of parents with Internet access searched for
information regarding their child’s diagnosis and surgical
procedure (Boston et al., 2005). Further, 93% noted
that they found information that was understandable
and helpful (Boston et al., 2005). The study also found
that 84% of parents using the Internet indicated that the
information influenced or somewhat influenced the medical
decisions they made on behalf of their child (Boston et

al., 2005). The findings of the JAMA study confirmed that
parents visit websites that specialize in hearing loss (44%)
or those recommended by other parents of deaf children
(31%; Porter & Edirippulige, 2007).
Studies of general medical information on the Web is often
incorrect, incomplete, or biased (Kothari & Moolani, 2015).
The COVID-19 pandemic highlighted this with the influx
of mass sharing of information on social media and the
Internet. Reliable and balanced medical information on
pediatric hearing loss on the Internet is a needed resource
and can help reduce stress for families. Reducing overall
stress in these families may result in better outcomes for
deaf and hard of hearing children (Hintermair, 2006).
An international study of universal screening programs
found that approximately half of parents with newly
diagnosed deaf or hard of hearing children reported “a
perceived lack of information provision” and “parents
expressed a desire for more information than they have
received” (Gilliver et al., 2013, p. 7). Many parents
reported that a single booklet was provided for them
by the audiologist, forcing them to seek out additional
early intervention and communication options for their
child through the Internet (Gilliver et al., 2013). Seeking
comprehensive information is a consistent theme with
parents noting they began searching the Internet soon
after they received their child’s diagnosis (Fitzpatrick,
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Angus, et al., 2008; Haddad et al., 2019; Jackson, 2011;
Yucel et al., 2008). People of all ages and across the
socio-economic spectrum use the Internet to seek medical
information as a first resort (Finney Rutten et al., 2019).
Early Hearing Detection and Intervention (EHDI) refers
to the federal program that provides funding to states to
carry out programs to screen infants for hearing loss soon
after birth and further provides programmatic support for
state early intervention services. EHDI was established
by federal law in 2000 and the last reauthorization was
in 2017. Before initiation of EHDI programs, the average
age for identification of hearing loss in young children was
2 to 3 years of age. This delay meant that many children
missed the critical period when language acquisition has
already begun for most children (Centers for Disease
Control and Prevention, 2003). State EHDI websites are an
important opportunity for families seeking information on
options for their children who have been identified as deaf
or hard of hearing. Although audiologists rely on both verbal
communication and visual aids to relay information on
hearing loss to parents, early intervention systems remain
the top referral by medical professionals (Davis et al., 2021).
In a 2021 survey, parents and audiologists both stated that
early intervention services were the top state resource
provided by audiologists (55%) and to parents (52%) after
the initial hearing screen (Davis et al., 2021). This article
aims to provide guidance to states on the importance of
the State EHDI websites on parent information, examples
of states that have done a good job, and providing
guidance for improvement. The National Center for Hearing
Assessment and Management (NCHAM) emphasizes the
importance of these websites, providing a resource guide
on developing websites and hosting a “Website of the Year”
award (NCHAM, April 2021).
Method

Our goal was to evaluate the accuracy and completeness
of information provided on EHDI websites and how such
information addressed the need to know data noted in
federal guidance. The authors conducted a review of
51 websites (50 states and Washington DC) to assess
whether components laid out in various federal laws and
regulations were provided clearly, comprehensively, and
in a balanced manner on four topics: (a) hearing loss
information, (b) technology, (c) communication options,
and (d) resources for family support. Table 1 gives a
brief synopsis of each state’s website. The sources the
authors drew from include the 2017 EHDI Reauthorization
Bill, the 2019 Joint Committee on Infant Hearing (JCIH)
2019 Position Statement, and the FY2020 EHDI Notice
of Funding Opportunity (NOFO). The website review was
done between August and September 2021. We note that
changes may have been made to these sites since the
review. The website information was derived from NCHAM
resources (NCHAM, October 2021).
The four topics were reviewed and rated as being
comprehensive, somewhat helpful, or inadequate and
our methodology can be found in the Appendix. Rating
determination explored if the information was thorough,
covered the range of options available (relative to

technology and communications options), answered
questions that parents might have, and met the citeria
laid out by the the sources listed above. The 2017 EHDI
Reauthorization specifies that EHDI programs should
be “specifically designed to meet the unique language
and communication needs of deaf and hard-of-hearing
children” (Early Hearing Detection and Intervention Act of
2017, p. 2). It goes on to say that programs should provide
families information that is accurate, comprehensive,
up-to-date, and evidence-based including the full range
of assistive hearing technologies and communications
modalities, as appropriate (EHDI 2017).
With respect to website development, the FY2020 EHDI
NOFO states:
Develop, maintain, and promote a website
or webpage for the state/territory that is user
friendly with accessible, culturally appropriate
information for families and professionals
that is accurate, comprehensive, up-to-date,
and evidence-based, as appropriate to allow
families to make important decisions for their
children in a timely manner, including decisions
with respect to the full range of assistive
hearing technologies and communication
modalities, as appropriate. (Health Resources
and Service Adminstration, 2019)
The NOFO also specifies that future planning should
include plans for maintenance of the website. The review
of information provided on amplification technology and
language supports the Joint Committee on Infant Hearing
2019 Position Statement which recommended EHDI
programs fully inform families on communication options
and assistive technology (JCIH, 2019).
Results

Of the 51 sites examined (50 states and Washington DC),
26% were rated as comprehensive, 35% as somewhat
helpful, and 39% as inadequate (which included four state
websites—Alaska, Colorado, Florida, and Montana—that
were not operational at the time of the review). Websites
rated as comprehensive included thorough content on
all of the information items mentioned in the NOFO.
Somewhat helpful sites were lacking in one or more of
the key topics evaluated or provided basic introductory
content. Sites that were rated as inadequate included
limited or none of the information that is noted in the EHDI
legislation or the NOFO. A summary of the review by each
rating criteria follows.
Information on Hearing Loss

Of the criteria reviewed, website information on hearing
loss was somewhat helpful (37%) or comprehensive (39%)
with 16% of websites judged as inadequate (see Figure 1).
Most EHDI websites provided information on hearing loss
basics and/or details on the EHDI hearing screening 1-3-6
guidelines recommended in the NCHAM Web Resource
guide (NCHAM, December 2021). The websites rated
comprehensive included information on hearing loss such
as unilateral or bilateral, range of loss (mild, moderate,
severe, profound) and what can cause progressive hearing
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Table 1
Information on Hearing Loss
State

Information on Hearing Loss

Alabama

Basic
information

Alaska

Website down

Arizona

Communication Options

Information on Technology

Resources

Somewhat Helpful

Only American
Sign Language
(ASL) is
discussed

Inadequate

None

Inadequate

List of links
outdated. Does
include Hands
&Voices (H&V)

Somewhat Helpful

Basic
information

Somewhat Helpful

None

Inadequate

None

Inadequate

Basic but outdated Somewhat Helpful

Arkansas

Included on the
linked parent
resource

Comprehensive

Detailed info
in the parent
resource

Comprehensive

Detailed info
in the parent
resource

Comprehensive

Limited website
links, relies on
parent resource
pdf

Somewhat Helpful

California

Basic
information

Somewhat Helpful

All are
mentioned.
Text states
that Listening
& Spoken
Language
(LSL) is harder,
not successful.

Inadequate

Outdated/
incorrect info

Inadequate

Lacks diversity;
link on Cochlear
Implants (CI) is
wrong

Inadequate

Colorado

Under
construction

Connecticut

Comprehensive
info on hearing
loss plus
cytomagalovirus
(CMV)

Comprehensive

Limited info but
emphasizes
importance of
unbiased info

Somewhat Helpful

None

Inadequate

Comprehensive
links, includes
CMV

Comprehensive

Delaware

Limited
information

Inadequate

None

Inadequate

None

Inadequate

Resources
are limited to
governmental
agencies (i.e.,
child support,
social services)

Inadequate

D.C.

Basic
information

Inadequate

None

Inadequate

None

Inadequate

None

Inadequate

Florida

Link not working

Georgia

Comprehensive
information

Comprehensive

Comprehensive Comprehensive
listing of
communication
options with
guidance
on choosing
options for your
family

Detailed lists
on variety of
technology

Comprehensive

Comprehensive
list including
schools that focus
on American Sign
Language (ASL)
and Listening and
Spoken Language
(LSL)

Comprehensive
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Table 1 (cont.)
Information on Hearing Loss
State

Information on Hearing Loss

Communication Options

Hawaii

Included
brochure is
comprehensive
though little on
website

Somewhat Helpful

Limited
information.
Notes
importance
of access
to sound for
development
of spoken
language,
but no info on
ASL or Cued
Speech

Idaho

Basic
information

Somewhat Helpful

Illinois

Comprehensive
information on
hearing loss

Indiana

Information on Technology

Inadequate

Resources

None

Inadequate

Resources listed
in brochures but
not on website

Somewhat helpful

Comprehensive Somewhat Helpful
info listed in
the resources
section but
webpage
difficult to
locate

Lists info on
financial aid for
hearing aids

Somewhat Helpful

Basic information
but webpage
difficult to find

Somewhat Helpful

Comprehensive

Limited; states
info should be
unbiased

Somewhat Helpful

Comprehensive Comprehensive
information

Basic information

Somewhat Helpful

Links to sources
in brochures
but nothing on
website

Somewhat Helpful

None

Inadequate

None

Basic resources
but difficult to
locate on website

Somewhat Helpful

Iowa

Comprehensive
and recently
updated in 2021

Comprehensive

Discusses
Comprehensive
multiple
options;
explains based
on hearing loss/
family choice.

Comprehensive Comprehensive
information

Comprehensive
links include
medical research,
companies,
organizations, etc.

Comprehensive

Kansas

Limited
information

Inadequate

None

Inadequate

None

Inadequate

Limited resources

Inadequate

Kentucky

Basic
information

Somewhat Helpful

None

Inadequate

None

Inadequate

Limited resources

Inadequate

Louisiana

Comprehensive
information of
why/how/what

Comprehensive

Thorough
Comprehensive
discussion of all
options

None

Inadequate

Comprehensive
list of resources

Comprehensive

Maine

Limited
information

Inadequate

None

Inadequate

Limited
resources

Inadequate

Limited resources

Inadequate

Maryland

Limited
information

Somewhat Helpful

Limited
information

Somewhat Helpful

None

Inadequate

Limited resources

Inadequate

Inadequate
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Table 1 (cont.)
Information on Hearing Loss
State

Information on Hearing Loss

Communication Options

Information on Technology

Resources

Massachusetts

Limited, difficult
to locate
information on
website

Inadequate

Basic
information
but difficult
to locate on
website

Somewhat Helpful

None

Inadequate

Comprehensive
Somewhat Helpful
resources on the
various education
services available.
Could be improved
by including info
on programs/other
organizations

Michigan

Basic
information

Inadequate

Mentions info
Somewhat Helpful
provided to
parents should
be unbiased
and refers to
Hands & Voices
(H&V)

None

Inadequate

Needs additional
links in addition to
H&V

Inadequate

Minnesota

Roadmap
brochure is
comprehensive,
but nothing on
website

Comprehensive

Comprehensive Somewhat Helpful
resources
communication
choices for
parents

Multiple options
on hearing
aids. Little
on other tech
options

Somewhat Helpful

Comprehensive
list of state, local,
and national
government
and private
organizations

Comprehensive

Mississippi

Comprehensive
information
throughout on
the process,
next steps

Comprehensive

Comprehensive Comprehensive
list of education
options for all
options

None

Inadequate

Comprehensive
list of resources

Comprehensive

Missouri

Comprehensive
information

Comprehensive

Comprehensive Comprehensive
information
that mentions
should be
unbiased

None

Inadequate

Basic list of
resources

Somewhat Helpful

Montana

Link not working

Nebraska

Basic
information

Somewhat Helpful

Mentions
variety of
options

Comprehensive

Limited
information

Inadequate

Resources are
mainly federal
options, ASL
focused

Inadequate

Nevada

Basic
information on
website

Somewhat Helpful

None

Inadequate

None

Inadequate

Basic list of
resources

Somewhat Helpful

New Hampshire

Basic
information in
brochures

Somewhat Helpful

None

Inadequate

None

Inadequate

None

Inadequate
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Table 1 (cont.)
Information on Hearing Loss
State

Information on Hearing Loss

Communication Options

Information on Technology

Resources

New Jersey

Basic
Information

Comprehensive

Helpful video
Comprehensive
on what it is like
to be deaf/hard
of hearing with
demonstration
of
communication
options

Video mentions
all types of tech

Comprehensive

Comprehensive
resources

Comprehensive

New Mexico

Comprehensive
info

Comprehensive

Basic
information

Somewhat Helpful

Mentions
importance of
properly fitted
technology

Comprehensive

Comprehensive
list of resources

Comprehensive

New York

Limited,
outdated
information

Inadequate

None

Inadequate

None

Inadequate

Limited and
outdated

Inadequate

North Carolina

Basic
information

Somewhat Helpful

Mentioned in
the links

Comprehensive

Comprehensive Comprehensive
info on
obtaining
hearing aids

Comprehensive,
well organized
resources

Comprehensive

North Dakota

Comprehensive
information,
thorough video
introduction

Comprehensive

None

Inadequate

None

Inadequate

Basic list of
resources

Somewhat Helpful

Ohio

Comprehensive
information

Comprehensive

Mentions all
options on
parent guide,
but guide is
hard to locate
on website

Somewhat Helpful

Limited info

Somewhat Helpful

Comprehensive
info but hard
to locate under
links to multiple
EHDI conference
agendas

Inadequate

Oklahoma

Comprehensive
information

Comprehensive

None

Inadequate

None

Inadequate

Limited and
outdated

Somewhat Helpful

Oregon

Basic
information

Somewhat helpful

Limited
information

Inadequate

None

Inadequate

Basic links but is
missing sites for
ASL

Somewhat Helpful

Pennsylvania

Basic
information

Somewhat Helpful

None

Inadequate

None

Inadequate

Basic information
but difficult to find

Somewhat Helpful

Rhode Island

Basic
information

Somewhat Helpful

Limited
information but
links focused
on ASL only

Inadequate

None

Inadequate

Limited links;
mainly to
ASL focused
organizations

Inadequate

South Carolina

Comprehensive
information

Comprehensive

None

Inadequate

None

Inadequate

Comprehensive
links for both
state and national
organizations

Comprehensive
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Table 1 (cont.)
Information on Hearing Loss
State

Information on Hearing Loss

Communication Options

Information on Technology

Resources

South Dakota

Comprehensive
information,
thorough
introduction
videos

Comprehensive

Importance of
language and
communication
is mentioned
but no details
on options

Somewhat Helpful

Tech is shown
in introduction
videos but no
discussion of
what they are

Somewhat Helpful

Comprehensive
links to state
and national
organizations

Comprehensive

Tennessee

Basic
information

Somewhat Helpful

Parent flyer
includes all
communication
options

Comprehensive

None

Inadequate

Basic list of
resources

Comprehensive

Texas

Under FAQs,
Somewhat Helpful
basic information

Links to
information on
options

Somewhat Helpful

None

Inadequate

Related sites
page includes
comprehensive
info

Comprehensive

Utah

Comprehensive
information

Comprehensive

No information Somewhat Helpful
on website.
Included in links

Comprehensive Comprehensive
information
including FM
systems

Comprehensive
list of resources

Comprehensive

Vermont

Basic
information.
Website is being
updated

Somewhat Helpful

None

Inadequate

None

Inadequate

Comprehensive
list of resources

Comprehensive

Virginia

Comprehensive Comprehensive
information, links
to virtual meetups

Multiple
mentions on all
communication
options

Comprehensive

Thorough
parent videos
on technology

Comprehensive

Comprehensive
list of resources

Comprehensive

Washington

Comprehensive
information

Comprehensive

Comprehensive Comprehensive
information

Importance of
technology is
discussed

Comprehensive

Comprehensive
list of resources

Comprehensive

West Virginia

Limited
information

Inadequate

None

Inadequate

None

Inadequate

None

Inadequate

Wisconsin

Basic, out of
date information

Somewhat Helpful

None

Inadequate

Basic
information on
hearing aids

Somewhat Helpful

Basic list of
resources

Comprehensive

Wyoming

Thorough videos Comprehensive
that include
information on
hearing loss

Links to LSL
and ASL tools

Comprehensive

None

Inadequate

Comprehensive
list of resources

Comprehensive

Note. Rating scale is Comprehensive, Somewhat Helpful, and Inadequate. Table also includes website details that resulted in each rating.
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Figure 2
Information on Technology

Figure 1
Information on Hearing Loss

Website not
working
8%

Website not working
8%
Inadequate
16%

Comprehensive
19%

Comprehensive
39%
Somewhat Helpful
10%

Somewhat Helpful
37%

Inadequate
63%

loss (e.g., a diagnosis of congenital Cytomegalovirus
[cCMV]). These elements form a comprehensive picture
for parents of recently diagnosed children and are an
improvement over the type of information previously
provided to parents; in the past most information discussed
bilateral hearing loss present at birth (Porter et al., 2018).
Three state websites included thorough introductory videos
from culturally diverse families on living with hearing loss
and the importance of early intervention. These videos
also highlighted different technologies and forms of
communication as well as benefits of participating in early
intervention programs.

on communication options ranged from containing no
information to stating that any information on these options
should be unbiased (see Figure 3). The more thorough
sites discussed all available options.
Figure 3
Communication Options
Website not
working
8%

Comprehensive
25%

Information on Technology
Ten websites mentioned technology and were rated as
comprehensive. The majority of state EHDI websites were
found to be inadequate or somewhat helpful in this area;
this topic was the most variable of the four examined
(see Figure 2). Those rated comprehensive mentioned
the importance of properly fitted technology and/or listed
the options of hearing aids and cochlear implants. There
was a single inclusion of the importance of an FM system.
Most websites rated as comprehensive included links to
information on hearing aid loan programs and financing.
One site mentioned technology options but provided
commentary and links that suggested that hearing
technology was not effective, reflecting an unfortunate bias
against technology.
Communication Options
Information provided by EHDI websites on this topic
was wide ranging. The most common communication
options in the United States are American Sign Language
(ASL), Listening and Spoken Language (LSL), total
communication, and Cued Speech (White, 2018). In
2018, LSL was used by 49% of deaf or hard of hearing
children, 17% used a combination of speech and ASL, and
6% used ASL only (White, 2018). EHDI website content

Inadequate
43%

Somewhat Helpful
24%

The review found that discussion of communication
options (if provided) was most often in links provided to
parent resource guides. Some parent resource guides
provided detailed information about each communication
option while others only provided a list. The reviews of the
guides were rated as comprehensive if they were balanced
in discussing each option. Three websites were overtly
biased toward one option over another, but in those cases
the bias was reflected in the provision of resources for one
option without mention of the others.
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Resources
When reviewing resources, the examination evaluated
whether the websites included information from state and
federal sources such as the U.S. Department of Education,
the Centers for Disease Control, and the National Institutes
of Health. Also considered were resources from nonprofit
organizations such as Hands & Voices, Alexander Graham
Bell Association, and local community organizations;
schools for deaf or hard of hearing children; information
on locating medical support teams; and other resources
that support a family’s journey. Ease of locating such
information and if the information was current was another
consideration. Four sites provided comphrehensive
resources though the information was difficult to locate
on the webpage resulting in a downgrade to a somewhat
helpful rating; 28% of the sites were rated somewhat
helpful in this category. Webpages that included a link
to a thorough parent resource handout that contained
the information above were rated more highly in this
evaluation, especially if the resource was easy to locate.
Thirty-seven percent of the sites provided comprehensive,
easy to find information with 27% rated as inadequate (see
Figure 4).
Figure 3
Resources
Website Not
working
8%

Comprehensive
37%

Inadequate
27%

Although this review did not include readability as a
criteria, others have shown that almost all sites dedicated
to hearing intervention services are written above the
recommended 6th grade reading level (Woodruff &
Cienkowski, 2021). Anecdotally, parents have expressed
frustration with websites using confusing terminology.
Also not considered was the role of social media in
sharing information despite the increasing reliance
on Facebook, Instagram, and others for gathering
information (Houston, 2021). Others have addressed
the importance of providing information in a parent’s
native language (Munoz et al., 2016). Looking ahead,
consideration should be given to ensuring information is
readable, understandable, and accessible across multiple
platforms.
Parents need timely information to make informed
decisions regarding the early needs of their children
with hearing loss and the Internet is increasingly a key
source for health information. Accurate, easily available
information was considered very helpful by families
during the COVID-19 pandemic when access to services
were limted or delayed (Yoshinaga-Itano, 2020). Although
some states have used their EHDI website to effectively
provide comprehensive information to parents, our
review indicates that the majority of EHDI sites are not
providing the information specified in the 2017 EHDI
Reauthorization, the JCIH Position Statement (2019),
and the 2019 NOFO. Interviews with EHDI personnel
indicated that the difficulties that they had were part of a
larger issue with state government website restrictions.
We found that it is sometimes difficult to locate state
EHDI websites on the Internet. Health Resources
Services Administration (HRSA) could consider providing
technical expertise to support state EHDI staff in knowing
how best to make their web resources widely accessible
upon Internet search given the importance of such
sources for health information.
Few patterns emerged when reviewing the websites.
Overall, the quality of information on hearing technology
was rated as inadequate more often than other categories
while resources was typically rated highly. However, there
was no discernible pattern along political or geographical
location. All geographic areas of the country had sites
that were rated highly as well as sites that were rated
poorly.

Somewhat Helpful
28%

Conclusions
Improving the information families receive on hearing
loss and early intervention is the goal of EHDI programs,
professionals, and parents. This review of the state
websites from August and September 2021 highlights the
need for more attention and resources to be dedicated
to maintaining a valuable resource for parents of newly
diagnosed children to help them find medically supported,
unbiased information on hearing loss and next steps. The
2013 Best Practices in Family-Centered Early Intervention
for Children Who Are Deaf or Hard of Hearing includes
these concepts in the key principles and states that EHDI
programs are often already enacting them in practice and
in person (Moeller et al., 2013).

Noted are the difficulties in working with state
governments in prioritizing resources for website
updates—whether for staffing or financial reasons. We
suggest that the HRSA, which administers the EHDI
Program, be provided with additional funds to support
state EHDI programs to help them improve web-based
resources, especially in light of the NOFO requirements
and other competing demands. Other suggestions for
HRSA include the addition of support for EHDI webbased information such as developing and providing
content on common topics (e.g., hearing technology and
communication options), and staff support at the national
level to provide guidance on website improvement and
optimization. For those sites rated as somewhat helpful
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or inadequate, such support may help programs make
incremental improvements that support parents and
guardians with needed information for decision-making.
The comprehensive sites may serve as a guide for change
as well as a tool to be used in advocacy for website
improvements moving forward.

Hintermair, M. (2006). Parental resources, parental stress,
and socioemotional development of deaf and hard
of hearing children. The Journal of Deaf Studies and
Deaf Education, 11(4), 493–513.
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Appendix
Methodology for An Assessment of 50 State Early Hearing Detection and Intervention (EHDI) Websites: Is Needed
Information Being Provided for Parent Decision Making?
EHDI websites were reviewed to evaluate whether they comply with the four key content topics laid out in the 2017
EHDI Reauthorization Bill, the 2019 Joint Committee on Infant Hearing 2019 Position Statement, and the FY2020 EHDI
Notice of Funding Opportunity (NOFO). The review was conducted between August and September 2021 by the authors
of this study. The authors were objective in assessing what was on the websites and whether it was accurate based on
knowledge of childhood hearing loss. The criteria are summarized below.
Information on Hearing Loss
•
•
•
•

To be rated comprehensive, a site needed to include information on types of hearing loss (unilateral, bilateral,
levels of hearing loss), possible causes of a progressive hearing loss (such as a diagnosis of congenital
cytomagalovirus), and what a family may expect during a hearing exam.
To be rated as somewhat helpful, a site needed to include introductory information on hearing loss such as
definitions of mild, moderate, severe, and profound. The review also assessed whether the website included the
EHDI guidelines for when to have an audiology follow up and enrollment in intervention services.
Sites that did not have any of the above information were rated as inadequate.
Three websites included introductory videos; this inclusion contributed to their being rated as comprehensive

Information on Technology
•
•
•
•
•

To be rated comprehensive, a site needed to provide information on cochlear implants, hearing aids, and any
additional technology options.
Further support for a comprehensive rating were those sites that included information on related topics such as
FM systems, tips on using technology, and/or noninsurance financing options.
To be rated as somewhat helpful, at least one option was mentioned. Usually this was hearing aids.
A site was rated inadequate if technology options were not mentioned.
A site’s score was lowered when incorrect commentary on technology not being beneficial was provided.

Communication Options
•
•
•
•

To be rated comprehensive, information on all options was provided as well as other key details such as where to
find more information.
If information was provided via a link to a thorough parent resource guide that included the above, that information
contributed to a comprehensive rating.
To be rated as somewhat helpful, a list of communication options was included.
A site was rated inadequate if there was no mention of communication options or if not all options were noted
equally.

Resources
The authors looked at whether the resources included information on state or Federal sources such as state departments
of health and education, the Centers for Disease Control, the National Institutes of Health, and other governmental
websites with related information.
•
•
•

Resources that included mention of non-profit organizations such as Hands & Voices, AG Bell, or others were
rated higher.
Higher ratings were given if the website included comprehensive information on educational options including
local schools for the deaf, private oral schools, and public schools with special programs for children who are deaf
and hard of hearing.
Ratings were lower if listed resources were focused on one communication mode with no mention of other
options.
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